EUPHYTICA 


NETHERLANDS JOURNAL OF PLANT BREEDING 


Contents 

page 
HORST, K. TER The selection of pulses in Suriname. 1. Introduction . . 259 
_ Dorst, J. C. Sonreesbtreststange staten ne a en EE 265 

_ FERWERDA, F. P. Meeting of the Eucarpia maize section in Rome 23-26 
Ee BOOR AOOR ed ee 212 

NieuwnHor, M., Internal tipburn in white cabbage. IL. The effect of some 
(GARRETSEN, FRIEDA environmental factors …. ...…....….. 0. DAs) 

and WiIERING, D. 

HAAN, H. DE Euphytica, Netherlands Journal of Plant Breeding 1952 
RE A EERE EE 281 

Josni, A. B. Report on the work done by the late Miss GEORGETTE BIR- 
NEEN Be rn id st A 4, 289 

BIRNIE, GEORGETTE Rust-resistance in some induced mutations of the new 
Pusawheats. 197, 798 and. 799 nn teen Wee en 290 

_BRITTEN, B A proposed classification of screening methods for plant 
DECOM EEDEOSTAAS nn DA ater ten ek Aen 293 

HAAN, H. DE The showroom of the Institute and the Foundation for 
Agricultural Plant Breeding at Wageningen in 1960. . . 304 


(Continued on Cover Page Four) 


MANAGING EDITOR: Dr H. DE HAAN, NUDE 66, WAGENINGEN (NETHERLANDS) 


EUPHYTICA 


NETHERLANDS JOURNAL OF PLANT BREEDING 


FOUNDED IN 1952 BY THE NETHERLANDS STUDY CIRCLE OF PLANT BREEDING 
WAGENINGEN 


Editorial Board: 
Pror. Dr. J. C. Dorst (pres.), Dr. O. BANGA, PROF. DR. G. HELLINGA, 
Dr. C. MASTENBROEK, DR. F. E. NijDAM, DR. H. J. TOXOPEUS, PROF. 
Dr. S. J. WELLENSIEK and DR. H. DE HAAN (secr.), Nude 66, Wageningen 


The editorial board proposes to give Dutch breeders and scientists an opportunity 
of publishing the results of their endeavours in matters relating to the improvement of 
cultivated plants. 

The aim is to include in every issue some articles written by foreign research workers. 
(In the reprints the Dutch summary can be omitted). 

The original articles on plant breeding as well as summaries of papers read at the 
meetings of the Netherlands Study Circle of Plant Breeding and abstracts of articles 
published in Dutch will be written in English. 

Managing Editor: Dr. H. DE HAAN, Nude 66, Wageningen (The Netherlands). 


AGRONOMY JOURNAL 


This official organ of the American Society of Agronomy is now a bimonthly publica- 
tion of up-to-date reports of general agronomic research. (lt alternates with CROP 
SCIENCE, which carries reports of a more technical nature in crop breeding, genetics, 
and physiology.) Workers in the fields of forages and pastures, crop improvement, cul- 
tural practices, soil fertility, and allied areas of investigation will find articles of lasting 
interest in 

AGRONOMY JOURNAL. 


Publication is open to members of the American Society of Agronomy. 


$ 12 per year, in U.S. and Canada; $ 13 per year elsewhere 


AMERICAN SOCIETY OF AGRONOMY 


2702 Monroe Street 
Madison 5, Wisconsin, U.S.A. 


EUPHYTICA 


NETHERLANDS JOURNAL OF PLANT BREEDING 


VOL. 9 No. 3 DECEMBER 1960 p. 259-362 


THE SELECTION OF PULSES IN SURINAME 
1. INTRODUCTION 


K. TER HORST 
Agricultural Experiment Station, Paramaribo 
Received 15 July 1960 


ABSTRACT 


The consumption of pulses in Suriname amounts to an annual value of about 
Sf 600,000, of which two thirds represent the value of importations. There is a long 
standing wish to reduce imports by increasing the production and consumption of 
local products. 

The article describes the many previous attempts to establish reliable methods of 
cultivation, which failed because of unpredictable rainfall and the very heavy clay soil 
which remains waterlogged for a long time after a shower. 

A method introduced recently, viz. of planting pulses on ridges, has shown promis- 
ing results since it avoids the difficulties of soil management. However, this method 
used in several experiments, needs to be adapted to the agricultural conditions of the 
small-holders. If the majority of rice farmers would successfully adopt this method, 
production could be raised to supersede the local demand by many times so that the 
product could be sold abroad. The selection program of pulses should then proceed as 
follows: 


1. to ascertain which pulses are in constant demand by the world market, 

2: to introduce as many species and varieties of these crops as possible and to try them 
under the local conditions of climate and soil, 

_3. to start a breeding program with the best adapted crops and varieties. 


INTRODUCTION 


The present article is the first of a series on the selection of pulses in Suriname, 
published in the Dutch language in “De Surinaamse Landbouw”. Following articles 
will deal with Arachis hypogaea, Glycine max, Vigna sinensis, Phaseolus radiatus, 
other pulses and new crops. The writer hopes that the experience gained with the 
selection of local pulses will be of value for the proposed breeding program of new 
crops. 
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ECONOMIC SIGNIFICANCE OF PULSES IN SURINAME 


Pulses are an important item in the food of the population of Suriname, although, if 

the diet of every inhabitant would contain sufficient pulse-protein, the consumption 
would increase. Annually the value of consumption amounts to approximately 
Sf 600,000, of which Sf 400,000 represent imported products. The feeding habits of the 
various population groups vary greatly. The creoles and hindustani consume large 
quantities of imported pulses, that is brown beans and yellow split peas. Brown beans 
are mixed with rice to a meal. The yellow split peas are prepared as ““Dhal”, a pulse 
soup. 
The appropriate substitutes for brown beans are varieties of the species Vigna sinen- 
sis, cow peas, blackeye peas, “botropesie”’ and “‘djaripesie”, which are all grown in 
Suriname. The flavour somewhat, but not closely, resembles that of brown beans. 
Therefore complete substitution would raise objections. For ““dhal” the species Phaseo- 
lus radiatus (mung bean, oerdi, katjang idjoe) can be used to good advantage. The 
large importation of yellow split peas is due to the small supply of oerdi produced 
locally. There are very good possibilities of reducing the importation of yellow split 
peas by increasing production of these substitute products. 

Assessed on their present economic importance pulses can in no way be compared 
with the export crops rice, citrus, cocoa and coffee. Were it not that the culture of pul- 
ses held a promising future, as a second crop after rice, the starting of a selection pro- 
gramme for pulses could hardly have been called justified. 


In 1956 when I started this program it was not in the least sure whether a method 
could be developed to grow a reliable second crop. In the first year therefore attention 
was given to the local pulses which both. among small-holders and among consumers 
were already well-established. Experience was gained in this way both in the methods 
of cultivation and in selection under the conditions prevailing in Suriname. 

With the introduction of cultivation on ridges the chances of producing reliable 
crops have been much improved (7) and if a second crop were to be grown, even on 
only half of the rice area, there would be a surplus of production available for export. 
The problem has now changed and the choice of crops for research should be based in 
the first place on remunerative possibilities of export. After that the agricultural spe- 
cialist and the plant breeder should see which of the crops chosen can be cultivated. By 
the side of selection in the principal pulses of Suriname a new field of investigation has 
now been started, namely the introduction of new annuals. 


HISTORICAL DEVELOPMENT 


The report published in the year 1904 by the Inspection of Agriculture in Suriname 
(1, p. 36) mentions the growing of pulses. In later reports also we find information on 
this subject. On sandy soils the cultivation was mainly restricted to peanuts. To a smal- 
ler extent also soybeans and other pulses were grown. Soybean, Vigna sinensis (black- 
eye pea, cowpea, etc.) and Phaseolus radiatus (mung bean, oerdi, katjang idjoe), how- 
ever, were mainly grown on clay soils. The following quotation derived from the report. 
1931 of the Department Agricultural Experiment Station (4, p. 61) gives a fairly good 
picture of this: 
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“the abnormal drought after the rice harvest has been very favourable for second 
crops, especially in the Van Drimmelen and Corantijn polders. In the upper polders 
where the drainage is better, second crops produce a harvest every year. However, on 
account of insufficient drainage of the fields for second crops in the polders near the 
sea, the beans are destroyed every year in consequence of the high moisture content of 
the soil resulting from the normal short rainy season. 

In the rice polders of Nickerie it is the custom to broadcast the beans (blackeye peas 
and oerdi) on top of the paddyfield before the upper soil layers are quite dry, about 
two weeks before the rice is cut. If the season is dry after the rice has been harvested 
the soil is soon covered with the foliage of the growing beans. If the weather remains 
dry long enough, a reliable production of beans is harvested everywhere. 

If on the contrary the showers of the short rain period begin early and if the weather 
remains wet, the beans will die and the grass will predominate. Nobody complains 
then because every farmer in these polders considers the sowing of second crops a mere 
speculation on the weather which he does not bemoan in case of failure, while he con- 
siders a success as a piece of good luck. 

A success of second crops can be expected only when the farmers take care of the 
necessary coverage and reclamation of their soils.” 

In great outline the difficulties involved in growing second crops have been described 
by this report. The prediction mentioned in the last paragraph only has not come true. 
Even in the Prins Bernhard polder and at Wageningen (Suriname) with a good water 
control, the experience was that a good yield is not ensured when the crops are sown on 
even fields. The clay of the young coastal plain is particularly heavy so that the water 
cannot drain off sideways through the soil. Therefore all the superfluous water has to 
be carried off along the surface. It is impossible to prevent the occurrence of lower 
places in the field where the water remains behind so that the field does not become 
dry. A few days after a heavy shower the crop starts yellowing, to be destroyed when 
the rain continues. 

Another method which is sometimes applied is that after the rice harvest the stubble 
is burnt and then new seed is sown with the aid of a planting stick. The risks are even 
greater in this case because sowing is done later. 

In this article I only mention that the chance of a failure through waterlogging 
remains very small when the crops are grown on ridges. However, this is not a fully 
tested method which can be recommended to small farmers; at the moment it is still 
only a promising method for the future. 


In the annual reports we also come across data on the import and trial of new pulses 
or crops for green manure (1, 2, 3, 4, 5, 6). We will here discuss them in short; in the 
following articles more details will be mentioned. 


Crops for green manure 


The introduction of wandoe (Cajanus indicus) as a temporary nurse plant or as a 
catch crop in older plantations of perennials had some success. In the experimental 
garden it was shown that a good soil coverage of wandoe can be maintained for 1!/,to 2 
years provided that the plants are cut off to l m above ground when they are in flower. 


261 


K. TER HORST 


On claysoils Phaseolus mungo and P. trinervis were successfully grown. On claysoil 
these plants remained in a vegetative stage without producing seed. It is doubted 
whether P. mungo is the same species which I introduced later under that name. On the 
sandy soils the species Canavalia ensiformis showed to good advantage. 


Beans 


For a long time already search has been made for beans with a flavour similar to the 
popular brown bean. Several times beans (Phaseolus vulgaris) were introduced from 
Venezuela, Brazil and the islands of the Caribbean region to give them a trial, but 
again and again it was shown that cultivars of Phaseolus vulgaris cannot be grown with 
success in Suriname. In cases where the crop reached the harvest the seeds were much 
smaller than the original seeds and they had a poor germinating power. From Vene- 
zuela caraota rosada, caraota negra, tryoles valitos, tryoles bonches, tapirama cocinera 
and tapirama rosada were introduced; from the Netherlands brown beans; from 
Dominica kidney beans and “Dominica” beans, from Curagao and Santa Domingo 
yellow eye beans and red kidney beans, the latter variety also from Chili and the 
U.S.A; from Puerto Rico, Cuba and Brazil black beans and recently from Haïti 
speckled and plain beans (“haricot”’-beans, Bonita and Borinquen). Various imports 
of lima-beans (Phaseolus lunatus) also did not produce a new crop in Suriname. Yet it 
may be expected that this species has greater possibilities than P. vulgaris, because a 
pole form, called “‘sebijari”’, is grown on a fairly large scale in the house yards. 


Mung beans 


Apart from the imports of Ph. mungo mentioned above no imports of this species 
have been reported for the time prior to the Second World War. After the war the 
varieties Jumbo mung 710 and “Trinidad”-mung were obtained from the U.S.A. and 
the 1.C.T.A., Trinidad. Both varieties appeared to thrive well in Suriname. The culti- 
vars present in this country have been introduced by contract labourers from Java and 
India. 


Vigna sinensis 


In the annual reports we also come across the name Vigna unguiculata. From the 
text the conclusion may be drawn that this import also concerns the cowpea Vigna 
sinensis. The varieties of Vigna sinensis mostly produce good results. As early as the 
report of 1912 a comparison is made of varieties derived from the U.S.A. ; the yields in 
kg clean and dry seed are given in the table. 


YIELDS IN KG CLEAN AND DRY SEED OF VARIETIES OF Vigna sinensis 


Variety Yield per plot Yield per are 
BEAC COW Pe MET EE 82.5 1.92 
Extrasearlysblackevenmsmmmnnn USS 1.67 
Thei clay zand lr ee RK ee 18 5E2 3.15 
herwonderful rss 74.1 (157 
INEWTEta At CE TEN A 127.4 2.97 
Wimppootwill. “2 A 128— 2.98 
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These yields are low. 

In consequence of price differences in favour of the Surinam product and the scar- 
city of food during the First World War, the blackeye peas, the Surinam cow pea 
“capucijner”’, the “botropesie” and the ““djaripesie”” were permanently included in the 
daily diet of the population. After the First World War these crops were grown so 
widely that the blackeye peas were even exported. 

It was stated that a large seeded variety from Trinidad was not much different in size 
from the local varieties after multiplication under Surinam conditions. However, I 
found in the very large-seeded variety Giant blackeye, originating from Maryland, 
that the large seed character was indeed maintained in the offspring. 


Sesamum 


In the report of 1905 trials are mentioned of the Suriname Sesamum variety “abon- 
jera” (abongra) and of Sesamum derived from the Levant which were obtained 
through the intermediary of the Dutch consul at Constantinople. The levantine variety 
yielded satisfactorily, 400 kg/plot — 950 kg/ha. However, we do not find any further 
mention of trials of this crop. The small demand on the local market may explain this. 
The crop is still grown on a modest scale in the house yards, because sesam cakes are a 
well-known treat in the Surinam household. 


Ricinus 

Ricinus yielded good results on claysoils but cropped poorly on sandy soils. The 
rm H. N. vAN DĲk at Nickerie tested this crop on a somewhat larger scale on old 
plantation dykes but Ricinus did not reach the stage of being grown on a commercial 
scale. The laborious harvest does not make the crop attractive. The introduction of 
machines and suitable varieties may solve this problem. 


Soybean and peanut 

In 1904 Soya hispida was introduced from the U.S.A. In 1929 more seed was obtain- 
ed from the South of North-America; however, the results were poor. Soybeans im- 
ported from Buitenzorg were successful. The varieties of soybeans and peanuts which 
are grown now have been introduced by contract labourers from Java. After the war 
many varieties were introduced for trial. 


AIM OF THE SELECTION PROGRAM 


The annual losses of foreign currency by the purchase of pulses amount to con- 
siderable sums. If the introduction of new crops and varieties belongs to the domain of 
plant breeding, then selection with the aim of reducing the imports in Suriname may be 
said to have been practised for a long time already. However, if a second crop can. be 
grown successfully on rice soils, we can surpass by far the original aim of reducing 
imports of pulses. It will then be necessary to look for export markets to absorb the 
large home surplus. This means that the species to be grown and included in the selec- 
tion program must be suitable for export. The steps of a selection program of annuals 
can be described as follows: 
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1. Inquiry into which annuals are in demand on the world market. Preference is given 
to pulses in connection with the recovery of the fertility of the sawahs and the 
keeping quality of the product. From this inquiry it will be possible to draw a list of 
crops which are for economic reasons most recommended. 

2. The introduction of as many varieties as possible of these crops and from all over 
the world. 

3. Trials of these varieties under the conditions of Suriname of soil and climate. These 
conditions should be made as favourable as man can achieve in the future. The trial 
fields should be laid out on the even heavy claysoils of the young coastal plain. The 
fields should be drainable and irrigable. The crops should be grown on ridges. They 
should be sown in September and December. 

4. The promising crops will have to be given detailed trial. The selection methods will 
depend on the nature of the crop. For pulses line selection will yield sufficient re- 
sults for the time being. 


SAMENVATTING 


De selectie van peulvruchten in Suriname 


Jaarlijks wordt voor een bedrag van Sf 600.000 aan peulvruchten gebruikt; 2/3 
daarvan wordt geïmporteerd. Het zal van belang zijn voor Suriname in eigen behoefte 
te voorzien. 

De kansen op een oogstzeker gewas zijn beter geworden door de teelt op ruggen toe 
te passen. Indien op deze wijze peulvruchten als tweede gewas na rijst verbouwd wor- 
den, zullen spoedig overschotten te verwachten zijn. 

Schrijver is van mening dat een onderzoek dient te worden ingesteld naar de eenjari- 
ge peulvruchten die op de wereldmarkt gevraagd zijn. Het invoeren uit de gehele 
wereld van zoveel mogelijk rassen van deze gewassen en het beproeven daarvan acht 
schrijver nodig om daarop een selectieprogramma te baseren. 
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ABSTRACT 


In the course of ages and under widely different conditions nature, through muta- 
tion, spontaneous crossing and natural selection, has presented mankind with a great 
wealth of material. 

After mentioning the source of resistance for many cases the writer has grouped 
them into the catagories existing varieties, land races and gene centres. 

In former years taxonomists searched for new species to collect them for herbariums, 
nowadays living collections are planted. Plant breeders now are hunting for new 
valuable genes. 


INTRODUCTION 


Those who have read PAUL DE KRUIF’s book “Hunger Fighters” (2) will undoubted- 
Iy remember the name of the “wheat hunter’ CARLETON who in Southwest Siberia 
searched for wheat varieties that were able to stand the dry warm summers of some 
parts of North America. In Russia he searched for winter wheats being able to survive 
under very low temperatures and bare frost. 

The spring wheat Kubanka and the winter wheat Kharkof introduced by CARLETON 
have been widely grown in North America and although their introduction took place 
as far back as 1900, these varieties are still grown there. 

Thus in Russia and Siberia CARLETON searched in regions with a climate similar to 
that of wide areas in North America. Drought, heat, cold and storms will have occur- 
red in various degrees and from year to year, but the resistance of Kubanka and Khar- 
kof against unfavourable weather was a permanent guarantee that these varieties could 
be grown without too great risks. It should be mentioned here that also some valuable 
oat varieties in North-America are of Russian origin. 


SOURCES OF RESISTANCE AGAINST ABIOTIC FACTORS 


To obtain material with resistance against abiotic factors, in general search should 
be made in regions where some unfavourable factor occurs frequently and/or to a high 
degree. In this connection 1 may refer to low temperatures, high temperatures, 
drought, low or high pH, salt content of the soil, etc. Yet it must not be forgotten that 
such forms of resistance are often very relative, since in their effects they are highly 
dependent on the development of the plant and on the conditions prevalent before, 
during and after the ““affliction”. A given wheat variety may be able to stand 15°C of 
frost as the case may be and die with 5°C frost in another case. 


1) Lecture read at the A-course “Resistance in agriculture”, 12-14 Jan. 1959, organised by the 
Royal Society of Agricultural Science and the Netherlands Society of Graduates in Agriculture at 


Wageningen. 
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For a plant breeder it is of great importance to know that some resistance is often 
more or less linked with other characters. For instance in the West-European wheat 
varieties cold resistance is linked with great cold requirement and slow spring develop- 
ment. However, slow spring development is generally considered as an obstacle for 
obtaining maximal production. It has been found that some Canadian spring wheats 
combine a good cold resistance with a rapid spring development. In some Russian 
spring wheats also this combination of characters occurs. And so we see the paradoxal 
phenomenon that now Canadian spring wheat varieties are utilized in attempts to 
enhance the cold resistance of Dutch winter wheat, although it is not a question of 
extremely low temperatures. As a matter of fact resistance in agriculture is of importan- 
ce only when it is combined with many other properties suitable for the purpose and 
the conditions under which the crop is grown. In many cases the introduction of some 
resistance into existing varieties will present more difficulties when the soil, the climate 
and the cultural measures in the land of origin deviate more from those of the land of 
introduction. Therefore we shall have to await whether the Canadian spring wheat 
varieties mentioned above will cause unpleasant experiences as concerns straw stiffness 
and susceptibility to some diseases. Theoretically it is easy to obviate such difficulties 
by backerossing, or repeated backecrossing; in practice it is often not so simple. 


SOURCES OF RESISTANCE AGAINST BIOTIC FACTORS 


In resistance to biotic factors two living organisms are involved. The host plant as 
well as the parasite may be variable genetically, which offers selection possibilities for 
both. New forms may arise by mutation and crossing. The chance that a group of 
plants which is indicated as variety will change considerably through these agencies is 
very small and in some cases even excluded. Contrarily the threat of new dangerous 
physiologic races of the parasite is always there, while also the chance of transference 
or increase of existing forms must not be underestimated. 

The occurrence of new physiologic races has roused pessimism in some circles: all 
the so-called resistant varieties would lose their value after a shorter or longer time 
because of adaptation of the parasite. In this connection the Joncquois and Heine VII 
wheats may be mentioned, two varieties which were very severely attacked by yellow 
rust a few years after their introduction in the Netherlands. On the other hand there 
are also varieties which were grown for years without being damaged: Wilhelmina 
wheat has been a leading variety for over 40 years in the Netherlands, Juliana for more 
than 30 years. They did not disappear because of diseases, but because other varieties 
yielded more. The question arises now whether these varieties might be used as sources 
of resistance. 

Some physiologic races of parasites occur only locally. Material introduced from 
elsewhere sometimes appears to be susceptible to diseases which in the land of origin 
do not occur or if so, only sporadically occur, and for which no selection has taken 
place neither by man nor by nature. All this means that new material which has the 
name of being resistant should be tested accurately and in addition that it is of prime 
importance to know something of the other characters. 

When sources of resistance are searched they are close at hand for some diseases, but 
for others we must cover wide geographical distances or overcome remote taxonomic 
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variation. In 1919, when I began developing new potato varieties the demand was made 
that they should be resistant to wart disease. The choice of the parent plants was diffi- 
cult since only two or three resistant varieties occurred among the Dutch stocks. Theret 
fore I also included a number of English varieties in the crosses although 1 realized tha- 
I had to take some less desirable properties into the bargain. The English varieties had 
white flesh, they had to Dutch standards a poor consumption quality and a low dry 
matter and starch content. Nowadays there is ample choice in the Netherlands as con- 
cerns varieties resistant to wart disease. However, Synchytrium endobioticum which for 
years has been an exceptional fungus among the parasites, also appears to have more 
than one biotype, and most of our so-called resistant varieties are susceptible to one or 
more of these physiologic races. Fortunately this dangerous race has not yet been 
found in the Netherlands. However, in trial fields abroad it has appeared that most 
varieties known as resistant to wart disease are attacked by this biotype. And if 
also the new race of Synchytrium is to be included in the breeding work it will be 
necessary to search for good parents in foreign varieties and perhaps even in “wild” 
material. 


Another example can be mentioned in flax. The old land race Friesian white flower- 
ing flax was often severely attacked by flax rust (Melampsora lini) and the subsequent 
firing. The variety Concurrent obtained by line selection from the land race was con- 
siderably better in this respect. When this new accession had found its way beyond the 
Dutch frontiers complaints came from Egypt, Australia and America that Concurrent 
was sometimes severely attacked by rust. Later complaints of Dutch farmers became 
more numerous particularly in the province of Groningen. Resistance was introduced 
from varieties of Australian, American and Russian origin. The most interesting 
example is the resistance derived from the Australian flax. PUGsLeY (3) made a cross 
between the oil flax variety Ottawa and Concurrent. An offspring-plant from this cross 
was backcrossed with Concurrent and the result was the development of two varieties 
which have not been attacked in the Netherlands so far. Although these varieties were 
not suitable for the farmer, they are very useful as parents for resistance breeding. The 
point to be stressed here is that an oil flax was the source of rust resistance for our 
fibre flax varieties while it is also worth mentioning that notwithstanding the large 
number of physiologic races occurring in flax rust these varieties are still healthy. It is 
a matter of speculation how matters would have been if they had been grown on a large 
scale. 

The Swedish flax variety Hercules which was selected at Svalöf from the Russian 
blue-flowering flax is an example that in a land race resistance may be found. In the 
Netherlands this variety has been grown for many years in regions with flax scorch. It 
possesses a good resistance against this disease. Four of the five flax varieties figuring 
in the Dutch List of Varieties have Hercules-““blood” and three of them are highly 
resistant against flax scorch. 

When a breeder is so fortunate to find good sources of resistance in the varieties 
grown in practice the breeding programme is very simple, in principle. Descriptive lists 
of varieties may be a rich source of information in this respect and by that they are in- 
directly a source of material. 
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In the case of potato sickness caused by the root eelworm, Heterodera rostochiensis, 
the problem was not so simple. All varieties belonging to Solanum tuberosum were 
attacked and produced cysts in abundance. However, in the botanical species Solanum 
andigenum three clones were found which were attacked only very slightly, producing 
no or only very few cysts. Dr. C. A. HUIJSMAN, after crossing with our ordinary potato 
varieties, showed that the resistance is inherited monofactorial and dominant (1). In 
material collected by Dr. H. J. Toxopeus (4) from Peru and Bolivia, 3 out of 900 num- 
bers also possess this type of resistance. Although Sol. andigenum as a short-day plant 
has some disadvantages for the breeder, its crossing presents no difficulties. Some 
taxonomists are of the opinion that Sol. tuberosum and Sol. andigenum are to be con- 
sidered as the same botanical species. Although also in the case of Heterodera more 
than one biotype is known and the so-called resistant numbers produce cysts in 
abundance when grown in a medium with the new race, the resistant is very impor- 
tant. However, it is clear that new sources of resistant should be explored and it is 
obvious to search them in the cradle of the Solanum species, that is in South and Cen- 
tral America. This search should not be confined to Sol. andigenum but also be exten- 
ded to other botanical species. It seems that Sol. vernei offers good perspectives in this 
respect. 

There are numerous instances that a given botanical species provides for the resist- 
ance in another botanical species which is being used as cultivated plant. From the 
cross Hordeum laevigatum Xx Svalöf’s Gold barley (a variety of Hordeum vulgare) per- 
formed as far back as 1928 by my predecessor Prof. Ir. C. BROEKEMA, the spring bar- 
leys Minerva and Vada have been developed. They rank high in production and sur- 
pass by far their parents. Minerva is the only variety that managed to score a 9 for 
mildew resistance. This resistance is due to that of Hordeum laevigatum. 

In America and Canada many areas were damaged by black rust and crown rust in 
ordinary oat varieties (Avena sativa). They had the disposal of varieties resistant 
against black rust, but not so with crown rust. In 1929 the Victoria oat from Uraguay 
was used as a crown-rust resistant parent; it belongs to the species Avena byzantina 
which is very resistant to crown rust. Victoria was crossed with Richland whereby only 
one seed was obtained. From this one “‘seedling’” many valuable varieties with resist- 
ance to black rust, crown rust and smut have been developed, and in addition high 
yielding varieties with stiff straw and excellent quality. When the Victoria blood had 
been utilized on a large scale and numerous new varieties had become widely grown it 
appeared that they were very susceptible to a Helminthosporium disease which was 
designated as “Victoria blight”. In 1931 a valuable parent was found in the variety 
Bond in Australia; it had been developed from a cross between the wild red oat Avena 
sterilis and Svalöf’s Golden Rain, a variety of the cultivated oat Avena sativa. 

In Scotland experiments have been carried out with wild oat (Avena fatua) for 
years, in order to introduce resistance to sprouting in the ear. The four botanical 
species mentioned above, Avena sativa, byzantina, sterilis and fatua all have 42 
chromosomes, but it should be stressed that the occurrence of equal numbers of 
chromosomes is no guarantee for crossability or fertility of the hybrid. In wheat 
two cases are known that Triticum durum with 28 chromosomes crossed with Triticum 


vulgare with 42 chromosomes has produced varieties with a fair resistance to black 
rust. 
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As a classic example of unexpected results from a cross between two different bota- 
nical species the breeding work with sugar cane at the Research Station East Java can 
__be mentioned. The wild cane Saccharum spontaneum which is frequent as a weed and 
actually should not be named sugar cane‚ has produced the Kassoer by spontaneous 
crossing with the noble cane S. officinaris. By backcrossing this product twice with the 
ordinary sugar cane the famous P.O.J. 2878 was developed, a variety excelling in high 
yields and resistance against sereh and yellow stripe disease. A case which can be com- 
pared with this success is the breeding for resistance against Phytophthora infestans 
whereby Solanum demissum with 72 chromosomes is crossed with Sol. tuberosum with 
48 chromosomes. After a few backcrosses with Sol. tuberosum, plants of approximate- 
Iy 48 chromosomes are again obtained. In this case Sol. demissum is used as a source 
for a resistance which does not seem to occur in the Sol. tuberosum material. 

It should be pointed out here that the breeding work at present is much more diffi- 
cult than was thought a few years ago because of the appearance of new physiologic 
races. 

Further examples of interspecific crosses for resistance can be mentioned in the case 
of tobacco, cotton, coffee, apple, pear, plums and in many other crops. One of the 
most spectacular cases is the success achieved with Lycopersicum pimpinellifolium, a 
“wild” species producing berries the size of peas. This species is used to breed for 
resistance against Fusarium, Cladosporium, spotted wilt, etc In addition L. pimpinelli- 
folium has been used to accelerate maturity and to increase the ascorbine content. 

Sometimes it is not necessary to follow the way of crossing. When about 1900 the 
coffee culture in Java was threatened with destruction by haemileia disease, the Coffea 
arabica (with 44 chromosomes) was replaced by the so-called robusta coffee belonging 
to the botanical species Coffea canephora (with 22 chromosomes). 

When we go a step further in the taxonomic system we arrive at crosses between 
different botanical genera. It is well known that the ordinary wheat Triticum vulgare 
can be crossed with rye, Secale cereale. One of the motives of making these crosses has 
been to find a form with many good properties of wheat but less susceptible to diseases. 
These wheat-rye crosses in general have not come up to expectations. According to the 
Russian research worker TsrrsiN in his country many good results have been obtained 
by crossing Agropyron with Triticum vulgare. From these crosses and after repeated 
backcrossing varieties have been developed with valuable forms of resistance, among 
others against rust, mildew, stinking smut and against cold and high salt content of the 
soil. 

For completeness’ sake I should also draw the attention to the important problem of 
rootstocks. While in former years in the first place the influence of rootstock on scion 
was investigated, in later years the study of the rootstocks themselves has become more 
important in order to face unfavourable properties of the soil. Not only do I think here 
of parasitic soil diseases, but also of deficiency diseases, of bad structure and of high 
salt concentrations. In searching for resistance also in this case use has often. been made 
of botanical species. The fight against the vine-fretter Phylloxera vastatrix is an exam-. 
ple while the grafting of the cucumber Cucumis sativus on to Cucurbita ficifolia against … 
the incidence of Fusarium is a more recent case. 
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DIVERSITY OF SOURCES OF RESISTANCE 


In order to give an impression of the nature and diversity of the sources of resistance 
I have mentioned only a few cases out of many. For clearness’ sake 1 would arrange 
them into three catagories which are not always clear-cut, however. 


|L. Existing varieties at home and abroad 


Data about resistance are given in the lists of varieties, in bulletins, etc. Publications 
on genetic research and phytopathology often are sources of resistance. The F.A.O. 
has compiled lists of the most important varieties of wheat and rice all over the world. 
In wheat we find under the heading “Reaction to diseases and insects” as many as 27 
different diseases and pests and in addition some columns for abiotic influences. In 
these columns the varieties are evaluated by means of figures. 

Many institutions have the disposal of large collections of varieties. 


2. Local varieties 


The land races have always been and are still a rich source of resistance. According 
as the number of bred varieties has increased, the number of local varieties has de- 
creased. Many valuable genes are lost and it is difficult to establish whether by that 
irreparable losses have been sustained as far as resistance is concerned. Everywhere it 
is attempted therefore to maintain the old land races which generally are populations 
with a wide diversity of genotypes. They have been subject to natural selection for 
ages. 


3. Gene centres — 


According to the theory of the Russian scientist VAVILOv (5) there are some relati- 
vely small regions where a wide diversity and wealth of genotypes in some botanical 
genera and species occur. Among them are numerous local varieties which from time 
immemorial have been grown by the local population under widely different conditions 
of soil and climate, etc. Apart from that also wild and primitive forms occur. They are 
considered so important for plant breeding that in the European Association for 
Research in Plant Breeding, EUCARPIA, a special section of wild species and primi- 
tive forms has been set up. 

Expeditions to the gene centres are very expensive and the maintenance of living 
collections in other countries is very difficult and costs large sums of money. Therefore 
it has been suggested of late years to maintain collections in the gene centres themselves 
in order to study the material on the spot and to examine them for resistance to dis- 
eases and pests and other unfavourable factors. 

From this it is clear that many recent expeditions are of a quite different character 
than those which were undertaken in earlier days. While formerly taxonomists searched 
for new species which were collected and preserved as herbarium material, nowadays 
living collections are being planted. 

While CARLETON in Siberia and Russia tried to find varieties which could be used in 
North America, modern plant breeders are hunting for valuable genes. And it is 
remarkable that the hunting grounds are found in backward areas where the wealth of 
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genotypes is still undisturbed. Through irradiation and mutagenous agencies also it 
has been possible to create resistance; however, in my opinion the wealth of forms 
which mother nature under widely divergent conditions has presented to mankind by 
mutation, crossing and selection in such impressive quantities will remain of great 
importance. 


SAMENVATTING 


Bronnen voor resistentie 


In de loop der eeuwen heeft de natuur onder zeer uiteenlopende omstandigheden een 
onvoorstelbaar grote hoeveelheid materiaal door mutatie, kruising en selectie aan de 
mensheid geschonken. 

Nadat schrijver in verschillende gevallen de bron voor het verkrijgen van resistentie 
heeft genoemd, geeft hij daarvan het volgende schema: 


1. Bestaande praktijkrassen in binnen- en buitenland. 
2. Landrassen. 
3. Genencentra. 


Vroeger gingen de systematici op zoek naar nieuwe soorten, welke als herbarium- 
materiaal werden verzameld en bewaard, thans worden levende collecties aangelegd. 
Terwijl CARLETON in Siberië en Rusland rassen trachtte op te sporen, die bruikbaar 
waren voor gebieden in Noord Amerika, gaat de moderne plantenveredelaar op jacht 
naar waardevolle genen. 
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ABSTRACT 


The writer gives a short account of a meeting of the section ““maize” of Eucarpia 
which was held in Rome on 23-26 February 1960. 

The following subjects are discussed: the possibility of growing two generations a 
year, the use of primitive forms as initial material in breeding work, the concentration 
of desired properties into inbred lines, increasing the content of some substances, en- 
hancing the suitability for silage and maintenance of local varieties. 


INTRODUCTION 


The international group of maize workers originally co-ordinated by F.A.O. assem- 
bled on 23-26 February 1960 for the 11th time since its foundation, with Dr. A. CAU- 
DERON (France) in the chair. This was the first session of the group in its new status of 
section of Eucarpia. 

The F.A.O. gave its former ward a hospitable reception in its headquarters and 
greatly contributed to the success of the meeting by placing meeting rooms and inter- 
preters at the disposal of the congress representing 15 different countries. 

The program was extensive. 

In the first place the results of the co-operative trials and designs for the coming 
period were discussed. Then some subjects in the field of organization and internal 
business were considered. However, much of the time was devoted to discussing salient 
items of maize breeding, among others the possibility of raising two generations a 
year, the use of primitive forms collected in the centres of diversity, the concentration 
of desired properties in some inbred lines, enhancing the content of various substances 
(oil, protein, sugar), developing varieties or hybrids adapted to silage. Experts in these 
particular fields lectured on the subjects. 


SHORT ACCOUNT 


L. Possibilities of raising 2 generations a year 


Dr. E. SANCHEZ-MONGE said that in the south of Spain there are some sheltered 
areas where a winter generation of maize can be grown. However, mature seed cannot 
be produced before the month of May which is too late to enable sowing in North- 
West Europe. The same disadvantage holds for Algeria, Egypt and the Canary islands. 
None of the locations proposed offer such striking advantages that they are readily 
accepted to replace southern hemisphere countries and southern Florida for raising a 
winter generation. 
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2. The use of primitive varieties as starting material for breeding work 


Dr. E. WELLHAUSEN gave a fascinating lecture on his work at the Rockefeller Foun- 
dation in Mexico. Drawing from the wealth of genetic diversity present in Central 
America it proved possible by intercrossing well matched varieties to produce hybrids 
with a better yielding capacity and which also possess other useful properties such as 
suitability for divergent climatic conditions or in other cases for a specific type of cli- 
mate. ‚ 

The step from varietial crosses to hybrids resting on 3 or 4 inbred lines has hardly 
been made. This side of programme is not unduly speeded, however, since it is rightly 
feared that through too great a limitation of the genetic variability many valuable gene 
combinations may get lost. 


3. The concentration of desired properties in inbred lines 


Prof. Dr. E. H. RiNKe (Minnesota) lectured on a programme to improve inbred lines 
which had already found acceptance as components of hybrids. Features that receive 
special emphasis in this connection are, for instance, increasing the number of ears per 
plant, the ear length or the number of kernel rows per ear. In countries where a ceiling 
has already been reached with respect to the capacities of inbred lines, this is one of the 
few possibilities to break through the barriers. It is attempted to realize this aim by 
using a special system of crossing followed by repeated backcrossing. 


4. Enhancing the content of some valuable substances in the plant 


Dr. J. L. BLANCO (Spain) talked about enhancing the sugar content of the stem. This 
will improve its suitability for silage and may also make the plant a source for alcohol 
production. He has now developed varieties with a sugar content exceeding that of the 
starting material by 40 %. The relation between sugar content and grain production is 
now being studied. 

Prof. Dr. R. W. JUGENHEIMER (Illinois) lectured on breeding work aiming at in- 
creasing the oil and protein content of the kernel. New hybrids have been developed 
which, with respect to oil- and protein content, exceed the current ones by 30 % and 
10% respectively whereas their overall yielding capacity is approximately the same. 
This new material will be planted in 1960 on a semi-commercial scale. 


5. Improving the suitability for silage 

In the discussions following Ir. B. Löör’s lecture (Sweden) on silage experiments in 
his country it was emphasized that particularly in North West Europe in breeding 
work more attention should be paid to suitability for silage. 


6. Maintenance of local varieties with the purpose of germ plasm conservation 


A working group was formed which will study this subject and which will keep close 
contact with the Eucarpia-section “Wild species and primitive forms” as well with the 
European centre of plant-introduction and germ plasm conservation which is now 
being established. 
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SAMENVATTING 


Bijeenkomst van de sectie mais van Eucarpia, 23-36 februari 1960 in Rome 


Schrijver geeft een kort verslag van de bijeenkomst van de sectie mais van Eucarpia 
23-26 februari 1960 in Rome. Achtereenvolgens behandelt hij de mogelijkheden om 2 
generaties per jaar te kweken, het gebruik van primitieve rassen als uitgangsmateriaal 
voor veredelingswerk, het samenbrengen van gewenste eigenschappen in inteeltstam- 
men, verhoging van het gehalte aan bepaalde stoffen, verhoging van de geschiktheid 
voor ensilage en het instandhouden van rassencollecties. 
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ABSTRACT 


1. Early planting, late harvesting and a heavy dressing of nitrogen favour the occur- 
rence of tipburn in white cabbage. 

2. There is a positive correlation between the weight of the head and the occurrence of 
tipburn. Factors which stimulate the growth of the head also favour the occurrence 
of tipburn. 

3. Atthe end of the growing season there may be an increase in the amount of tipburn 
without a further increase in head weight. 

4. Some consequences for selection and cultivation are discussed. 


INTRODUCTION 


Tipburn in white cabbage is a very common phenomenon. However, great differ- 
ences in susceptibility may occur between the various varieties and strains (1). Hence 
susceptibility to tipburn is likely to be reduced by selection. In order to carry out 
selection as efficiently as possible the effect of the environment should be determined 
first, so as to be able to select under such conditions as are most suitable for the oc- 
currence of tipburn. 

The present paper surveys the results of trials carried out for this purpose. 


MATERIAL AND METHODS 


The trials were laid down on river clay (pH-KCI + 6), with plants of a highly sus- 
ceptible strain of Langedijker Autumn White. In the 1956 trials the heads were inspec- 
ted during the harvest for the presence of tipburn by cutting them into two halves. In 
1957, in order to detect even the faintest symptoms of tipburn, the heads were cut into 
pieces and in some cases all of the leaves were detached. Ratings were given for tipburn 
(O = no tipburn —7 — very much tipburn). In addition the heads were weighed, and a 
rating assigned to the firmness of the head (1 — veryloose — 7 — very firm). The data 
have been analysed statistically, using the 5 % level of probability for the determination 
of significant differences. 


TRIALS 


In 1956 a trial was made in three replications, in which calcium hydroxide was given 
at three levels of application, 0— 32.5—65 kg per are. Sowing and planting took place on 
April 9, and June 1, respectively. The plots were harvested in three times, on Septem- 
ber 27, October 19, and November 7 and 8. 
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In 1956 another trial was planted in three replications, at three levels of nitrogen, 0 — 
10 — 20 kg lime nitrate (15.5 % N) per are (No, N‚, No), and using three planting times, 
May 16 — June 1 — June 15. Sowing had been done on March 19, April 9, April 23, 
respectively. The plants were harvested in four times, on September 5, September 26, 
October 17 and November 7. 

In both trials the number of plants per plot was 63. 

In 1957 this last trial, slightly modified, was repeated, using three sowing times. 
Plants from the March 7 sowing were set out on May 14, May 28 and June 11; those 
from the March 30 sowing on May 28, June 11 and June 25, and those from the April 
24 sowing on June 11, June 25 and July 9. Besides the three above-mentioned levels of 
nitrogen with 0 — 10 — 20 kg nitrolime (20.5 % N) per are two levels were applied in the 
form of a top dressing with 5 kg nitrolime per are on unmanured plots and on plots 
having received one single dressing (No, N‚, Na, No”, N‚*). As a fourth factor, four 
harvesting times were used : September 17 — October 7 — October 29 — December 6. The 
whole trial consisted of 180 plots (3 x 3 x 5 x 4) with 10 plants per plot. 

In all trials the planting distance was 70 x 70 cm. 


RESULTS 


Calcium dressing. Under the conditions of this trial a lime dressing had no effect 
on the occurrence of tipburn. Nor was the weight and the firmness of the head in- 
fluenced by it. 

Nitrogen dressing. The results are summarized in table 1. Nitrogen has a significant 
effect on weight and firmness of the head. The percentage heads with tipburn is also 
significantly different for the levels of nitrogen. 


TABLE 1. THE EFFECT OF NITROGEN ON THE OCCURRENCE OF TIPBURN AND THE WEIGHT AND FIRMNESS 
OF THE HEAD 


5 $ Rating for hete 
Vaar Manas 6 ee Net ka A kg 
P tipburn *) firmness En 
1956 No 6 3al 4.6 21 
N, 35 3.0 5.8 4.7 
Ne 43 SL 5.6 2 
1957 No 7 1.9 3.8 2.0 
Not 22 2.4 4.3 3:3 
N. 3 32 4.9 4.6 
N‚t 40 21 4.8 4.8 
Ns 42 Sal 4.8 4.9 


1) Averages of heads with tipburn. 


Sowing and planting time. The time of sowing had little effect. Table 2 shows that 
the planting time has a marked effect on the weight and firmness of the head. By plan- 
ting earlier the amount of tipburn is increased. The differences due to different planting 
times are significant. 
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TABLE 2. THE EFFECT OF THE PLANTING DATE ON THE OCCURRENCE OF TIPBURN AND THE WEIGHT AND 
FIRMNESS OF THE HEAD 
DE 


5 5 Rating for Kek 
Year | Planting date k ha bat Net weight in kg 
reke tipburn *) | firmness See 
1956 16-5 32 3.6 6.0 4.6 
1-6 34 2.8 5.6 4.6 
15-6 16 25 4,4 3.3 
1957 14-5 63 Syl 6.2 6.7 
28-5 47 DS) 5.6 5.3 
11-6 24 DS) 4,5 3.8 
25-6 11 2 Sj 2.6 
9-7 4 1.4 Doll 1.4 


1) Averages of heads with tipburn. 


Harvesting time. Table 3 shows the effect of the harvesting date. On the first har- 
vesting date most of the heads were not yet fully mature, but after that date there was a 
considerable increase in head weight, particularly between the first and the second har- 
vesting date. The firmness of the head and the occurrence of tipburn also increase 
when harvesting takes place later. The observed differences are significant. 


TABLE 3. THE EFFECT OF THE HARVESTING DATE ON THE OCCURRENCE OF TIPBURN AND THE WEIGHT 
AND FIRMNESS OF THE HEAD 


Ye Harvesting date HS Aen Net weight in kg 
ar Ê 
Spare tipburn *) firmness Pd 
1956 27-9 9 183 4.7 Shi) 
19-10 30 1.9 5.6 4.8 
7-8/11 33 2 6.0 5.1 
1956 5-9 14 1.5 — De 
26-9 28 2.6 4.5 3.9 
17-10 34 3.4 55 4.6 
7-11 45 3.9 6.0 5.6 
1957 17-9 13 Zal 3 al 2.8 
7-10 25 2.6 4.2 4.0 
29-10 34 3.0 5.3 4.5 
6-12 45 3.0 5.5 4.5 


1) Averages of heads with tipburn. 
Interactions. The significant interactions which sometimes occurred were so small as 
to be negligible. 


DISCUSSION 


The results of these trials have shown that the occurrence of tipburn is promoted by 
planting early, harvesting late and applying a heavy dressing of nitrogen. By carrying 
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out selection under these conditions the chance of susceptible plants showing no symp- 
toms will be reduced, and selection becomes more effective. 

The weight and firmness of the head are also influenced by these treatments. Both 
characters are correlated with one another and also with the occurrence of tipburn. 
Table 4 shows the correlation coefficients between mean net weight, firmness, and the 
percentage of heads with tipburn (transformed into arc sine). As it is not impossible 
that two of these characters are intercorrelated owing to each of them being correlated 
with the third, the partial correlation coefficients have also been calculated. For firm- 
ness and tipburn at a constant head weight the correlation was small and not signifi- 
cant. So the firmness of the head has no effect on the occurrence of tipburn. Hence 
selection for low susceptibility need not necessarily influence the firmness of the head. 


TABLE 4. (CORRELATION COEFFICIENT FOR WEIGHT, TIPBURN AND FIRMNESS (EFFECT OF SYSTEMATIC 
FACTORS NOT ELIMINATED) 


Correlation coefficients *) Partial correlation 
coefficients *) 
1956 1957 1956 1957 
SVeie http DUCAR en ae +-0.77t+ +0.85++ +056 +0.62++ 
NVEI SHG DES MN +081 +0.85++ +0.647+ +0.61*+ 
Birmnessttt DD UE -0.65++ +0.74++ +0.06 +0.09 


1) +t — highly significant (P < 1%). 


The relation between the three characters, weight, firmness and tipburn, was brought 
about in these trials under the influence of various systematic factors, namely nitrogen, 
planting time and harvesting time. After eliminating this influence, significant corre- 
lations still occur between the three characters (table 5), except between tipburn and 
firmness. That there still remains a relation between weight and tipburn indicates that 
this correlation is not necessarily due to these factors; also with other factors having an 
effect on weight a correlation between weight and tipburn is likely to occur. 


TABLE 5. CORRELATION COEFFICIENT FOR WEIGHT, TIPBURN AND FIRMNESS (EFFECT OF SYSTEMATIC 
FACTORS ELIMINATED) 


Correlation coefficients ) Partial correlation 
coefficients &) 
1956 1957 1956 1957 
NVerohtstip DUO +-0.24+ +0.31++ +0.29+ +0.36++ 
WEIZ ness men +0.36++ +-0.45++ +0.39t+ +0.48++ 
Firmness-tipburn ..... — 0.09 —0.02 —0.19 —0.19 


1) + = significant (P < 5%); ++ = highly significant (P < 1%). 


Further examination showed that even after eliminating the effect of head weight 
the treatments still influence the occurrence of tipburn. An analysis of covariance 
showed that now planting time and nitrogen dressing no longer had a significant effect, 
although there was a tendency for heavier nitrogen dressings to promote the occurrence 
of tipburn. Only between the harvesting dates there were still significant differences in 
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the percentages of heads with tipburn even after correction for head weight. This is 
also brought out in figures l and 2. The rating for tipburn has been calculated from the 
heads with and without tipburn. It will be seen that the relation between the weight of 
the head and the amount of tipburn is not linear. It appears that for later harvesting 
times the symptoms of tipburn increase more markedly than the head weights. In the 
end the weight does not increase further, but the tipburn symptoms continue to in- 
crease. À 
To sum up, it can be said that tipburn may occur early in the season and, initially, is 
closely associated with growth. Upwards of a certain head weight, 4-5 kg, tipburn 
continues to increase considerably without there being a large increase in the growth of 
the head. In order to obtain the highest amount of tipburn the most suitable growing 
conditions have to be chosen. Then the head soon reaches the weight at which much 
tipburn can occur. Moreover harvesting has to be done as late as possible to get a 
really high amount of tipburn. Selection for lower susceptibility should preferably be 
carried out under these conditions, and need not necessarily have an effect on the 
firmness of the head. Other consequences for the selection are discussed in a previous 
paper (1). Also for normal cultivation the most favourable growing conditions can be 
chosen, provided care is taken that the net head weight does not become too high. 
Growth inhibition, for instance, could be achieved by planting at a smaller spacing. 
This will only have a result if the weight of the head remains below a certain limit. 


Rating for tipburn 
3 


Net weigt per head in kg 
l Je 3 4 5) 6 


FIG. 1. NET WEIGHT AND RATING FOR TIPBURN ON THREE DIFFERENT PLANTING DATES 
(1-11) AND FOUR HARVESTING DATES (Sf —’/11, 1956) 


0 7 
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Rating for tupburn 


29/10 ; 6/12 


17/9 2-0 d Net weigt per head in kg. 


l 2 3 4 5 6 7 
Fro. 2. NET WEIGHT AND RATING FOR TIPBURN ON FIVE DIFFERENT PLANTING DATES (I-V) 
AND FOUR HARVESTING DATES (E/9—®/,2, 1957) 


Selection for lower susceptibility should be aimed at raising this limit. If efforts to 
breed an entirely resistant variety should not be successful, a practical solution to the 
problem of tipburn may probably be found by growing a less susceptible variety at a 
smaller spacing. The heads should then be harvested as soon as they are ripe. 


SAMENVATTING 


Rand in witte kool. II. De invloed van enige uitwendige factoren 


Ll. Door vroeg te planten, door laat te oogsten en door een hoge stikstof bemesting 
wordt het optreden van rand bevorderd. 

2. Er komt een positieve correlatie voor tussen het gewicht van de kool en het optre- 
den van rand. Factoren, die de groei van de kool gunstig beïnvloeden, bevorderen 
ook het optreden van rand. 

3. Aan het eind van het groeiseizoen kan er een toename van het rand optreden zonder 
dat het gewicht van de kool nog toeneemt. 

4. Enige konsekwenties voor de selectie en de teelt worden besproken. 
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ABSTRACT 


Since the foundation of Euphytica 1952 progress has been made in several respects. 
_ This also holds for its status. It seemed desirable to choose for its exploitation the form 
of a foundation. The instrument of the “Foundation Euphytica” was passed in the 
beginning of 1960. 

In the first nine volumes of Euphytica (27 issues comprising 2,592 pages) articles by 
100 Dutch research workers and plant breeders have been included. It has been 
possible to increase the number of articles by foreign colleagues and the total number 
of foreign contributors now amounts to 76 from 17 different countries. 

The circulation of Euphytica was fixed at 1,600 at the outset; many have been for- 
warded as presentation copies by way of introduction. As the number of subscriptions 
has increased fewer specimen copies have been despatched. 

The impression still stands at 1,600, but when the number of subscriptions abroad 
increases the impression will be extended so as to maintain what is considered a 
desirable reserve of 400 copies. 

Writers receive 150 reprints free of charge, while an unlimited number of reprints 
can be ordered at cost price. They may be had in a cover — if desired, or as reprints in 
an institute series. 

Euphytica does not aim at profit-making. Increases in the number of subscriptions 
will make it possible to publish more articles at the same subscription rate (15 guilders 
or $ 4— in foreign countries). Considering this low price it may be expected that 
foreign research workers and lecturers in plant breeding will take personal subscrip- 
tions. 

Although Euphytica was founded at the initiative of the Netherlands Study Circle of 
Plant Breeding there is no binding between them. The co-operation is entirely volun- 
tary. In many cases the readers at meetings of the Study Circle have prepared their 
lectures as manuscript for articles in Euphytica. 


INTRODUCTION 


When foreign research workers visit the Institute of Agricultural Plant Breeding at 
Wageningen not only current research is discussed but also the way in which the results 
are being published. 

In the reading room of our library visitors, when shown the small number of perio- 
dicals in the field of plant breeding, often the problem of publishing efficiency comes 
up for discussion. It is emphasized that in the Netherlands many articles are published 
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in Dutch but that the research workers are sufficiently publication-minded to consider 
the necessity of writing also in a language which can be understood in many other 
countries. 

In this article various data are given on Euphytica. These data supplement the pre- 
ceding surveys (1, 2). 


THE AIMS OF EUPHYTICA 


The journal Euphytica aims to spread the science of plant breeding and in particular 
to give Dutch research workers and breeders of agricultural, horticultural and silvi- 
cultural crops an opportunity to publish their research. 

When in 1955 a summary about Euphytica was compiled in order to focus attention 
on the journal the aims were indicated as follows: 


„ To publish articles on research in plant breeding. 

. To give information on plant breeding methods. 

„ To review articles and books on plant breeding. 

„ To stimulate plant breeders. 

. To further contacts and exchange with foreign countries. 


BN 


Later attempts have also been made to describe the publication field of Euphytica 
(3). When manuscripts are received which are outside this publication field and which 
do not mention the word plant breeding they are generally sent on to some other 
journal, in consultation with the writer, requesting the editors to consider it for inclu- 
sion. 


THE FREE CO-OPERATION BETWEEN EUPHYTICA AND THE NETHERLANDS STUDY CIRCLE 
OF PLANT BREEDING 


The Netherlands Study Circle of Plant Breeding organizes some meetings every year 
which are visited regularly both by research workers and private plant breeders. 

The readers for a lecture are informed in good time that a report is desired and that 
it will be stencilled. They are therefore obliged to write their lecture on paper before- 
hand or sometimes later. The activities of the Study Circle often lead to a lively dis- 
cussion on many subjects in the field of plant breeding. All the members of the Study 
Circle receive a complete report of the meetings composed by the secretary (Ir. D. 
KroeN). The pages of the stencilled reports are numbered so that they may be retained 
in an orderly manner. For instance at the 62th meeting J. C. ZADOKS read a lecture on 
race formation in parasitic fungi; the report of this lecture is stencilled on the pages 
863-876 of the minutes. 

The stencilled reports (in Dutch) of the lectures of the Study Circle can be considered 
as an initial stage of publication. The lectures are often revised drastically by the spea- 
kers before offering them for publication. Figures and tables are added. The text is 
usually translated into a language which can be understood by foreign colleagues. Most 
of the lectures are published in English in Euphytica, some are submitted to other 
periodicals. Thus the secretary of the Study Circle need not do time-consuming edi- 
torial work. The Study Circle need not pay for publication. 
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Euphytica was founded at the initiative of the Netherlands Study Circle of Plant 
Breeding. The exploitation is quite independent of the Study Circle which has not even 
veen requested to provide financial support. There is no editorial binding between 
Study Circle and Euphytica. More than half the members of the Study Circle have a 
personal subscription, however. 

Through the medium of Euphytica the influence of the Study Circle thus reaches far 
beyond the frontiers of the Netherlands. 


EUPHYTICA AND EUCARPIA 


The foundation of Eucarpia, the European Association for Research on Plant Breed- 
ing, in 1956, can be considered as an important landmark in the development of plant 
breeding. Eucarpia has encouraged personal contacts with colleagues abroad and more 
or less unconsciously the leading personalities in the field of plant breeding are being 
faced with matters of international organisation. 

Those who attended the congress at Wageningen or at Cologne or the section- 
meetings have been able to recognize the great importance of personal contact; there 
was a feeling of association in a larger bond. 

Euphytica has published some lectures held at Eucarpia meetings, and articles have 
been devoted to the two congresses and to the meeting of the maize section. In this way 
Euphytica has contributed to publishing on Eucarpia. The editors hope to continue 
and extend the free co-operation with Eucarpia, in the same way as with the Study 
Circle. 

Euphytica prefers articles written by authors who are known by the Editorial 
Board. It is to be expected that the contacts made at the Eucarpia meetings will lead to 
more articles by foreign workers being send for inclusion in Euphytica. 


ARTICLES FROM DUTCH WRITERS 


Euphytica was in the first place founded to give Dutch research workers and their 
assistants an opportunity of publishing the results of breeding work. 

Some workers are regular contributors, others have published only one article. Of 
the 100 contributors in the Netherlands, 12 are (or were) working at private breeding 
establishments, 18 at the Foundation for Agricultural Plant Breeding, 8 at the Institute 
of Agricultural Plant Breeding, 11 at the Institute for Research on Varieties of Field 
Crops, 29 at the Institute of Horticultural Plant Breeding, 5 at the Horticultural Labo- 
ratory, 2 at the Department of Sylviculture and 15 at other Institutes, mainly at Wage- 
ningen. 

From the foregoing it is apparent that Euphytica is not a journal of one of the 
Wageningen Plant Breeding Institutes but that it draws from the whole plant breeding 
circle in the Netherlands. There are more research workers in the sector of private 
breeders than the modest number who have published in Euphytica; however, it 
should be borne in mind that at private establishments research has often an operation- 
al character. Yet I should like to stress that even for them it is true that through writing 
a manuscript one’s insight is improved, often new ideas arise, and new contacts are 
often made. There are also more research workers at Wageningen Institutes; it is to be 
expected that in the future they will publish in Euphytica. 
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In the early years there was little space in Euphytica for articles written by foreign 
research workers. After more subscriptions had been taken by institutes, libraries and 
plant breeders abroad it became possible to publish more articles by foreign writers. 

The following table gives an idea as distribution of the 76 writers over the world 
(table 1). 


TABLE 1. FOREIGN WRITERS WHO PUBLISHED IN EUPHYTICA, ARRANGED BY THEIR COUNTRIES 


USE ee an RE 2 SWEdEn VEE Bee vee 1 
Germany sm iterter steat ee 2 GCanadar. tete weese en WEGA 2 
Great Britains 20 Bovptie-taat toren wenn 1 
Greece ALE 1 Indtarss ers me Arens te 24 
Ireland (Republic) . . . 1 Japan ern ee EN 1 
TO IK aken deb 6 KenvalHi st hit EMME 1 
NOEWav ere ve 3 SouthrAfrica sns He.eter 1 
Poland Ad Wk iede 1 BS AN EE 8 
Bortuea le ee l 


Some articles were sent to Euphytica because the obvious journal in the country of 
the writers could not publish the article at short notice. Although in the Netherlands 
research on plant breeding has a very varied nature it can be expected that good ar- 
ticles written by foreign workers will enhance the appeal of Euphytica. 


THE IRREGULAR APPEARANCE OF THE NUMBERS 


So far we have not succeeded in publishing issues at regular times. The main reason 
is that the manuscripts are received irregularly and that in compiling an issue all the 
articles available are published. The advantage is that there is not a long waiting time 
but the disadvantage is that some librarians or booksellers are getting uneasy. How- 
ever there is no reason for that. There are no known cases so far of numbers being lost 
during despatch. When a subscriber does not receive a number the reason generally is 
that the delivery is discontinued on account of non-payment of the subscription fee in 
the previous year. 


DISTRIBUTION OF THE IMPRESSION 


Since the beginning the impression of Euphytica has been fixed at 1,600 copies. Al- 
though it is to be expected that in the near future this number will be increased there is 
no reason to do this at present. Many plant breeding institutes and private plant bree- 
ders have not yet subscribed. Many laboratories of genetics or phytopathology will 
discover the existence of Euphytica sooner or later. It is thought reasonable if the num- 
ber of reserve copies on the day of dispatch exceeds 400. 

In fig. | a survey is given of the distribution of the impression. It can be seen that the 
number of copies sold has increased with the years. The reserve will decrease as in 
future years more back numbers are ordered. As the survey is based on the copies sold 


it has not yet been possible to include vol. 9 in the diagram because not all subscrip- 
tions have been paid as yet. 
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1600 


Exchange + Abstr.Journ. 124 


Specimen copies 


1200 


Reserve 


800 


Back numbers 


400 Subscriptions 


BAid 71 755 798 828 853 888 898 884 
(8 Oct. 1960 ) 

Volume 1 2 3 4 5 6 7 ê 
(1952) (1959) 


Fia. 1. THE DISTRIBUTION OF THE IMPRESSION OF EUPHYTICA 


For clearness’ sake it should be pointed out that the number of subscriptions is al- 
ways somewhat larger. The data of fig. 1 are based on the subscribers who had paid the 
subscription fee for vol. 8 (1959) on 6th October 1960. On that day there were 30 sub- 
scriptions still to be paid. In as far as these are paid they will be added to the back 

numbers and subtracted from the specimen copies to which they have been reckoned 
provisionally. 

An other point to be explained further is the exchange. In as far as the exchange has 
been possible through a Dutch subsidy it is reckoned to the subscriptions paid. Of 
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volumes 1-8 there are 80 subscriptions which in fact are also exchange copies. In 1960 
this number has become duplicated so that now 160 exchange copies are covered by a 
subsidy. 

It is interesting to predict the distribution of the impression of vol. 9 (1960). In 
table 2 the figures for vol. 8 and vol. 9 are included as are expected for October 1961. 


r 


TABLE 2. PROGNOSE OF THE DISTRIBUTION OF THE IMPRESSION OF EUPHYTICA, VOLUMES 8 AND 9 IN 


OKT. 1961 
Distribution Vol. 8 (1959) Vol. 8 (1959) Vol. 9 (1960) According to 
of Euphytica (6 Oct. 1960) (expectation (expectation mailing list 
Oct. 1961) Oct. 1961) vol. 9 (1960) no. 2 
| 

Abstracting Journ. . 25 25 29 29 
Exchange ne 99 99 23 23) 
Specimen copies 120 100 97 20 2) 
RESCTVe 472 462 471 491 
Back numbers (paid) . — 30 = = 
Subscriptions (paid) . . 884 884 980 1,037 °) 


1) In fact the exchange of vol. 9 comprises 183 copies of which 160 are covered by a subsidy and 
allotted to the subscriptions. 

®) Of each issue a presentation copy is sent to the 20 addresses from which at the start a contribution 
was received for the working capital. 

3) Of this number 893 had been paid on 6th October 1960. 


From table 2 it is apparent that the number of paid subscriptions approaches 1,000. 
From the prognose can be concluded that in October 1961 57 subseriptions of vol. 9 
will not have been paid and that of every issue some 20 copies will be presented to 
visitors for propaganda. 


REPRINTS 


Of the volumes 1(1952)—9(1960) in total 139,125 reprints have been distributed. 

In order to make publication in Euphytica more attractive for authors the number of 
free reprints was enhanced from 50 to 150. Various institutes bind the articles with a 
special cover to include them in Institute-series. 

On the reprints and the Institute-series has been indicated where they have been 
published. On the one hand this is necessary, viz. in order to be able to give a full des- 
eription of the title in citations, on the other the attention is drawn to Euphytica. 
Personally it is my experience that through the reprints attention is drawn to new 
periodicals. Undoubtedly this also holds for Euphytica if the reprints come into the 
hands of geneticists, phytopathologists, etc, who do not yet know of Euphytica. It is 
possible to order an unlimited number of extra reprints against cost price and have 
them provided with a cover. 


286 


EUPHYTICA 1952-1960 


Ä SLOGAN FOR EUPHYTICA 


When in the autumn of 1955 a need arose to design a panel in order to be able to in- 
form visitors about the aims, organisation and significance of Euphytica an inquiry 
was made for a suitable slogan. It seems interesting for the history of Euphytica to 
mention here some of the proposed slogans. 

Euphytica attempts to get the right plant in the right place. 

Euphytica is the field for the seeds of the plants of the future. 

Euphytica arouses interest for better plants. 

Euphytica is a link between research and practice in plant improvement. 

Euphytica is a source of knowledge for plant improvement. 

Euphytica is a transmitter of progress in plant breeding. 

Euphytica is an international clearing house on plant improvement. 

Euphytica furthets international exchange of breeding purposes-and results. 

Euphytica, Netherlands Journal of Plant Breeding, Bank of Exchange of ideas. 

The latter slogan was chosen and now heads the panel picturing various aspects of 
the journal. 


THE STATUS OF EUPHYTICA 


It is noteworthy that on 8 January 1960 Euphytica acquired the status of a founda- 
tion. Members of the Editorial Board were at the same time appointed members of the 
Board of the Foundation Euphytica which in future will exploit the journal. 

In the foundation act it is stated that the aims of the Foundation Euphytica are to 
compile, issue and distribute the scientific journal on plant breeding, Euphytica, ex- 
clusively for public benefit and therefore without the aim of profit-making. 


SAMENVATTING 


Euphytica, Nederlands Tijdschrift voor Plantenveredeling 1952-1960 


Sedert de totstandkoming van Euphytica in 1952 zijn in verschillend opzicht vorde- 
ringen gemaakt. Dit geldt ook voor de status. Het bleek wenselijk voor de exploitatie 
de vorm van een stichting te kiezen. De akte van de „Stichting Euphytica”’ werd in 
januari 1960 gepasseerd. 

In de eerste negen delen van Euphytica (27 afleveringen met in totaal 2592 bladzijden) 
zijn artikelen van 100 Nederlandse onderzoekers en kwekers opgenomen. In toenemen- 
de mate kon plaats worden geboden aan artikelen van buitenlandse oorsprong. Het 
aantal buitenlandse personen, dat daaraan medewerking verleende, bedraagt 76, af- 
komstig uit 17 verschillende landen. 

De oplaag van Euphytica werd in het begin op 1600 gesteld; een belangrijk gedeelte 
daarvan werd in de eerste jaren als proefnummer verspreid. Naarmate het aantal 
abonnees toenam werden minder proefnummers verzonden. Thans bedraagt de oplaag 
nog steeds 1600 exemplaren, doch bij toeneming van het aantal buitenlandse abonnees 
zal deze in dezelfde mate vergroot dienen te worden. 

De schrijvers ontvangen 150 gratis overdrukken, terwijl een onbeperkt aantal extra 
overdrukken tegen kostprijs besteld kan worden (eventueel in een omslag of bestemd 


voor een instituutsserie). 
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Euphytica streeft niet naar winst. Toeneming van het aantal abonnees zal tot gevolg 
hebben dat meer artikelen gepubliceerd kunnen worden bij gelijkblijvende abonne- 
mentsprijs (f 12,50 in Nederland; f 15,— voor adressen in het buitenland). Bij deze 
voor een wetenschappelijk tijdschrift billijke prijs mag verwacht worden dat ook bui- 
tenlandse onderzoekers en docenten in de plantenveredeling meer en meer een per- 
soonlijk abonnement zullen nemen. 

Ofschoon Euphytica tot stand kwam op initiatief van de Studiekring voor Planten- 
veredeling is er geen binding. Er is een vrijwillige samenwerking. De ervaring heeft ge- 
leerd dat op deze wijze Euphytica zich kon ontplooien en anderzijds dat de inleiders op 
de bijeenkomsten voor de Studiekring in vele gevallen een dankbaar gebruik maken 
van de gelegenheid, die Euphytica biedt hun artikel te publiceren. 
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Miss G. BIRNIE, a graduate from the Agricultural University, Wageningen, Nether- 
lands, joined the Division of Botany, LA.R.I., on 15th December, 1958, under an 
exchange fellowship scheme sponsored by the Ministry of Scientific Research and Cul- 
tural Affairs, Government of India. Though she had originally planned to stay in India 
only for 6 months, she subsequently decided to join the M.Sc. Course of LLA.R.I., P.G. 
School. Special permission was granted to her by the Post-graduate Council to join the 
course during the middle of an academic year and she was also granted by the Dean 10 
credits for the courses in Genetics and Plant Breeding she had taken in the Nether- 
lands. By the end of the fifth trimester in April, 1960, she had completed 21 credits in 
her major field (Genetics and Plant Breeding) and 16 credits in the minor and support- 
ing courses. She secured an ‘A’ grade in most of the courses and her performance at 
the qualifying Examination held in February 1960 was outstandingly good. 

Soon after she joined the Division of Botany in December, 1958, she started a system- 
atic study of the reaction to individual races of black and brown rusts shown by the 
control plants and several radiation-induced fully-awned mutants of the bread wheat 
varieties N.P. 797, N.P. 798 and N.P. 799. She obtained interesting results and these 
have now been written in the form of a paper intended for publication. 

In addition to the study of rust resistance in wheat, Miss BIRNIE took up a detailed 
investigation on the manifestation of hybrid vigour in inter-varietal crosses in Sorghum. 
She carried out this study at New Delhi during summer and at Hyderabad during 
winter. She had gathered some extremely important and interesting data and was 
engaged in analysing these data and writing up her thesis prior to her premature and 
sudden demise on the 30th June, 1960. The little work relating to the analysis of the 
data which remains to be done will be soon completed and the data will be written for 
publication. Thus, two good research papers will emerge from the work carried out by 
Miss BIRNIE in this Division. 

Miss BIRNIE was last seen in the Botany Division on Friday, 24th June, 1960. News 
of her illness was first received on the 28th June, 1960. Her position became critical on 
the 29th and news of her death was received at about 11 A.M. on the 30th June. A 
condolence meeting attended by all the staff and students of the Botany Division was 
held on the 1st July, 1960, and a resolution mourning her death was passed. 

Miss BIRNIE was both a brilliant scholar and research worker. She carried out all the 
work entrusted to her with the utmost care and devotion and also brought to such work 
a critical and refreshingly original approach. She had an exceedingly kind and genial 
temperament. She took a keen interest in the culture and people of India and availed of 
every opportunity to travel in this country. A letter received from Mr. EDE 
father of Miss BIRNIE, by Dr. M. S. SWAMINATHAN, Chairman of Miss BIRNIE’s Advi- 
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sory Committee, is a moving testimony of the great love which the late Miss BIRNIE 
had developed towards India and of the happy time she seems to have had during her 
stay of 18 months in this country. 


REFERENCE 


Ll. BIRNIE, G., Rust-resistance in some induced mutations of the new Pusa wheats 797, 798 and 799, 
Euphytica 9 (1960): 290-292, 


Euphytica 9 (1960): 290-292 


RUST-RESISTANCE IN SOME INDUCED MUTATIONS 
OF THE NEW PUSA WHEATS 797, 798 AND 799 
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Received 29 July 1960 


ABSTRACT 


Fully awned as well as several other radiation-mutants isolated in the wheat varie- 
ties N.P. 797, N.P. 798 and N.P. 799 were tested for resistance in the seedling stage to 
separate races of black and brown rust. 

The mutants had the resistance of the parent variety and one mutant was highly 
resistant to the races 10, 20 and 63 of brown rust, to which the parent strain is suscept- 
ible. There is little possibility that resistance to the additional races of brown rust in 
the fully awned mutant owes its origin to cross-pollination. 

The results of the present study suggest that by subjecting the progenies of radiated 
plants to a vigorous screening procedure, it may be possible to pick up also mutants 
possessing resistance to rusts and other diseases. 


INTRODUCTION 


N.P. 797, N.P. 798 and N.P. 799 are three early strains of bread wheat evolved at the 
Indian Agricultural Research Institute from the cross Kenya C 10854 (E. 220) Xx N.P. 
165. These varieties are highly resistant to stem rust and loose smut and also fairly 
resistant to brown rust. They are under cultivation in the states of Bihar, West Bengal 
Andhra Pradesh, Orissa and Gujerat and have been found to give particularly high 
yields in years when stem rust infection is severe. All these varieties have long, mid- 
dense, fusiform ears which are long tipped. Since the farmers in the areas in which these 
varieties are grown prefer fully awned wheats to long tipped ones, a breeding program- 
me aimed at the incorporation of awns into these varieties was initiated at the Indian 
Agricultural Research Institute some years ago. 


1) Miss G. BIRNIE, a research scholar from the Netherlands working at the Botany Division, 
LA.R.L., passed away on 30th June, 1960 following a brief illness. On the basis of the data left by 
the late Miss BiRNIe, this paper has been written by Dr. M. S. SWAMINATHAN who guided this student. 
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RUST-RESISTANCE IN MUTATIONS OF NEW PUSA WHEATS 


INDUCED MUTATIONS 


In 1955, when facilities became available at the Institute for undertaking mutation 
breeding in crop plants, the feasibility of obtaining fully awned plants in the progenies 
of N.P. 797, N.P. 798 and N.P. 799 material treated with different mutagens, was in- 
vestigated. Fully awned mutants were isolated in all these strains in the M} and subse- 
quent progenies (PAL ef al., 1958) derived from material treated with P32, S3, X-rays 
and thermal neutrons. Some of these awned mutants have been found to perform as 
well or even better in comparison with the controls in yield trials conducted during the 
last three years. The mutants also have the same maturity period and grain character- 
istics as the parent strains. Their release for cultivation in replacement of the parent 
strains will hence be a distinct possibility provided they also possess the rust resistance 
of the parents. 


THE RUST-RESISTANCE OF THE AWNED MUTATIONS 


In order to investigate this point, the fully awned as well as several other mutants 
isolated in N.P. 797, N.P. 798 and N.P. 799 were tested for resistance in the seedling 
stage to individual races of black and brown rusts. The results are given in Table 1. 


TABLE 1. RUST RESISTANCE OF AWNED MUTATIONS OF N.P. 797, N.P. 798 AND NP. 799 TO INDIVI- 
DUAL RACES OF RUST IN THE SEEDLING STAGE 


Al Black rust (Puccinia graminis tritici) dn 
USC RIS CMI 2 40 42 117 10 20 63 
N.P. 797 (Control) .... 4 34 2 1 3 2 3 3 34 
AWGORSR Ne GEE OA od, 4 34 2 1 5) 2), 3 3 34 
ERWRedRÓ peur Torrie 4 34 2 1 3 2) 3 3 34 
VANVACONI ERE on oke en 4 34 2 1 3) D 3 3 34 
FAWREH 3 ied ae mat ve 4 34 2 1 3 2 3 3 34 
Awned 14-55... ..e — — 2 0; D — 1 0; 0 
INSPa79Sn( Control)". … « 4 34 9) 1 3 0-2 3 3 34 
VAN NOdR Nele en ke 4 34 D 1 3 0-2 3 3 34 
FAMDOEBD IIs ars ever 4 34 2 1 3 0-2 3 3 34 
ISWIGORST Es een ene eden se 4 34 2 1 3 0-2 3 3 34 
Ane ZEE 4 34 2 1 3 0-2 3 3 34 
IWCMS rr or a ve afk 4 34 2 1 3 0-2 3 5 34 
N.P. 799 (Control) .... 4 34 0-2 1 3 0-2 4 3 4 
PACM en ne A eld ee 4 34 0-2 1 3 0-2 4 3 4 
WER tee rkenen A 4 34 0-2 1 3 0-2 4 3 4 
VA Wed ISAre eeen oen a te 4 34 0-2 1 3 0-2 4 3 4 
AWC AME et es 4 34 0-2 1 3 0-2 4 3 4 
VASVHEORINN EA tee 4 34 0-2 1 3 0-2 4 3 4 


Some authors have been sceptical about the possibility of adding a desirable trait to 
a variety through irradiation without at the same time bringing about some detrimen- 
tal changes. The present data clearly suggest that at least in polyploid plants like bread 
wheat, mutation breeding will be of value where the objective is the incorporation of a 
specific attribute to an already highly-bred and desirable strain. It is also of interest 
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that an awned mutant isolated in the variety N.P. 797 (plant No. 1-4-5) is highly re- 
sistant to races 10, 20 and 63 of brown rust to which the parent strain is susceptible. 
The seedlings raised from selfed seeds of plant No. 1-4-5 also showed the same rust 
reaction as the parent. There has been recently some controversy as to whether the 
mutations conferring resistance to various diseases isolated in wheat, oats, maize etc. 
by several workers represent real mutations or arise from spontaneous cross-pollina- 
tion, which is high in irradiated plants of even normally self-fertilized crops (CALDE- 
corr et al., 1959). The morphological and physiological characteristics of plant No. 
1-4-5 and its progeny were very similar to control plants of N.P. 797. Also, no strain 
with resistance to races 10, 20 and 63 of brown rust was grown in the vicinity of the 
irradiated N.P. 797 plants. As such, there is little possibility that the resistance to addi- 
tional races of brown rust found in the fully awned mutant owes its origin to cross- 
pollination. The results of the present study hence suggest that by subjecting the pro- 
genies of irradiated plants to a vigorous screening procedure, it may be possible to 
pick up mutants possessing resistance to rusts and other diseases. 


SAMENVATTING 


Roest resistentie in de door kunstmatige mutatie verkregen 
nieuwe Pusa tarwe’s 797, 798 en 799 


Gebaarde en andere mutanten uit de selecties N.P. 797, N.P. 798 en N.P. 799 werden 
getoetst op resistentie tegen afzonderlijke fysio’s van zwarte en bruine roest. De mu- 
tanten hadden de resistentie van de ouderplant en 1 gebaarde mutant was bovendien 
zeer resistent tegen de fysio’s 10, 20 en 63 van bruine roest, waarvoor de ouderplant 
vatbaar is. Het is niet erg waarschijnlijk dat de resistentie het gevolg is van spontane 
kruisbevruchting. 

Dit onderzoek wijst er op dat het door een goede selectie in de nakomelingschappen 
van bestraalde planten mogelijk is mutanten te isoleren die resistent tegen roest en 
andere ziekten zijn. 
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ABSTRACT 
The importance of screening in a plant breeding program is discussed. A systematic 
classification of screening methods is proposed based on increasing order of difficulty. 


Method I. Direct identification 


Ta. Visual inspection involving gross morphological characters. 

_Ib. Direct inspection with automatic elimination of undesirables. 

Ic. Visual observation. utilizing biological organisms but without automatic elimina- 
tion of undesirables. 

Id. Visual observation of distinguishable physiological characters. 


Method II. Screening procedures involving physical comparisons 


Ia. Procedures based on linear measurements. 

IIb. Procedures based on weighing. 

IIc. Methods based on physical characteristics of plant parts. 
IId. Methods based on physical characteristics of plant extracts. 
IIe. Differential reaction to physical stresses. 


Method III. Procedures involving chemical determinations 


la. Chemical spot test. 
IIIb. Semi-quantitative chemical tests. 
Ic. Precise chemical testing. 


Method IV. Indirect procedures involving biological testing 


Method V. Combination methods 
Other means are discussed of compressing time and space in plant breeding pro- 
grams. 


INTRODUCTION 


Plant breeding is frequently regarded as an application of genetics. To persons not in 
the field, it may appear to be synonymous with plant hybridization. While genetics is 


1) Published with the approval of the Director of the Hawaii Agricultural Experiment Station as 


Miscellaneous Paper No. 126. À 
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essential to a modern plant breeding program, there are phases in the program which 
require a knowledge of additional sciences. A plant breeding program consists of 
several sub-programs or projects. If any one of these is not in itself successfully exe- 
cuted and integrated, the whole program will be jeopardized. 


The steps in a plant breeding project include: 


. Formulation of basic objectives 

. Selection for desirable phenotypes 

„ Hybridization 

. Stabilization of the genetic material 

„ Increase of seed or propagating material. 


BN 


Some of these may be omitted or carried out in different order. Screening is the 
means by which desirable phenotypes are selected. This paper will discuss this impor- 
tant subject. 

Screening may be defined as the detection of a particular phenotype arising from the 
expression of a single gene or combination of genes. Usually, large numbers of individ- 
uals in a population are involved. It should be noted that what is actually desired is a 
particular gene or gene combination which can only be secured by selection for the 
phenotype. Screening, itself, may not involve genetics, but the recovery of the desirable 
gene or gene combination and its subsequent stabilization into a variety, does. Ac- 
tually, however, the two processes are quite separate activities. 

All too often consideration of screening methods may be one of the last parts of a 
plant breeding program to be considered. If the question were considered immediately 
after the objectives were established, great saving in time might result. Indeed, a care- 
ful consideration of the different types of screening may sometimes point to a new 
breeding program. 

It may be that a scientist with a full program of work can envisage a project with a 
screening program so simple that he can place responsibility for a great deal of the 
work in unskilled hands. He may thus in the initial stages of the work be able to under- 
take an entirely new program with few inroads on his own time. On the other hand it 
may well be that because of necessarily complicated screening procedures, and because 
of low frequency of the desired gene in the population, the successful completion of a 
particular plant breeding project cannot be envisaged in the foreseeable future. Under 
such circumstances it would be extremely hazardous, particularly for a young investi- 
gator, to embark on such a program without the full knowledge and consent of the 
administrative officials involved. It therefore follows that careful attention to screening 
procedures should be given before the actual plant breeding program is initiated. 

The job of the plant breeder is one of compression of time and space. Given suffi- 
cient time and space, it may be assumed that most desirable gene combinations will 
appear. It would therefore only be necessary for the plant breeder to be present at this 
fortuitous occasion to take the plants which he needs. If the gene combination is likely 
to be rare, the chances are remote that the plant breeder will be present at the proper 
time and place. Even if he is, will he be able to recognize or identify the desired plant? 


By proper screening methods he may materially compress the dimensions of time and 
space. 
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__Another reason for a systematic approach to screening procedures is the increasing 

use of artificially induced mutations. Because so many plants will have to be examined 
a systematic classification of screening should be helpful. This classification. falls 
naturally into five sections, discussed in order of increasing complexity. These are: 

Method 1. Direct identification 

Method II. Procedures involving physical comparisons 

Method III. Procedures involving chemical determinations 

Method IV. Indirect procedures involving biological testing 

Method V. Combination methods. 


SCREENING METHODS FOR PLANT BREEDING PROGRAMS 


Method I. Direct identification 


Method la. Visual inspection involving gross morphological characters. 

Where the desired characteristic is of low frequency in the population, a rapid 
method of evaluation must be applied. This may mean that, in the initial stages, the 
screening method may not be as precise as in the later stages. The simplest, quickest 
method is visual observation of the population. If the desired characteristic can be 
observed by the unaided eye in the field, large numbers of plants may be examined. The 
efficacy of this procedure is attested by the report of Rick (24) who found that non- 
fruiting tomato plants produced a luxurious vegetative growth which could be observed 
merely by glancing across the field. The sterile plants so obtained could then be further 
classified in the field by closer observation. By such a procedure a number of male 
sterile plants have been obtained. Of great importance is the fact that such plants can 
be selected by observers who are not technically trained but who have been alerted to 
search for this particular character. It can be seen therefore that where the desired 
characteristic is sufficiently distinct morphologically, selection can be made not only in. 
the experimenter’s own material but also in commercial plantings. In this way the num- 
ber of plants under surveillance can be increased enormously. 


Method Ib. Direct inspection with automatic elimination of undesirables. 

A second method in which direct visual perception may be used even in instances 
where the desired plant is not morphologically distinct, provides for automatic elimi- 
nation of undesired plants. Screening for resistance to various plant diseases might be 
cited as an example of this method. The early work with cabbage yellows reported by 
Jones and colleagues (17, 18) is an excellent case in point. In this case surviving plants 
in commercial plantings of cabbages were selected. These formed the basis for the 
yellows disease resistant strains of cabbage produced by the Wisconsin station. Pro- 
duction of these resistant strains was greatly facilitated by the fact that it was possible 
in this case also to select from large acreages of plants in commercial plantings. 

A more recent example of automatic elimination of undesirables is described by 
Howe and SMrrH (16).The screening objective was to identify alfalfa plants which were 
resistant to the spotted alfalfa aphid. In this procedure, spotted alfalfa aphids were 
allowed to feed on a population of alfalfa seedlings which was segregating for resist- 
ance to this insect. Susceptible plants were killed out completely, while resistant plants 
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It should be noted that the cabbage yellows resistant plants and the spotted alfalfa 
aphid resistance screening procedures involved the use of a biological agent to cause 
elimination of undesirable plants. 


Method Ic. Visual observation utilizing biological organisms but without automatic 
elimination of undesirables. 

The plant breeder in this method utilizes some biological organism to differentiate 
between plants with dissimilar physiological reactions. The desired phenotype may be 
one resistant to the biological agent as in plant disease resistance or it may involve 
preference of the organism for a particular phenotype. 

The rapidity of screening will depend on the ease of distinguishing the desired 
characteristic in the population. It may be stated that given a similar gene frequency, 
one might expect faster progress on screening a population for resistance to a disease 
which caused complete killing of the plants such as bacterial wilt in alfalfa (Method Ib) 
than when merely a part of the plant is damaged as in the leaf spots of alfalfa. (Me- 
thod Ic). 

The literature in plant breeding is replete with examples involving screening for 
disease resistance. It therefore seems superfluous to list examples here. 

Examples of desirable phenotypes which are also preferred by some organism, may 
not be so well known. The first example involves breeding for non-bitter lupins, in 
which a segregating population was attacked by thrips (11). Here it was found that the 
bitter lupins were not infested whereas the non-bitter plants were attacked. A corre- 
lation of + 1.0 was found between non-bitter plants and susceptibility to thrip attack. 

The work of W. K. SMITH (personal communication) on low coumarin sweet clover 
is another example of this type. In this instance, rabbits distinguished between low and 
high coumarin sweet clover stocks by their preference for the non-bitter low coumarin 
plants. 

A procedure whereby an extract of a plant pathogen may be used instead of the 
organism itself was described by LUKE and WHEELER (21). It was found that the toxin 
produced by Helminothosporium victoriae could be extracted and when susceptible 
varieties of oats were allowed to stand in a solution containing the toxin, the susceptible 
varieties wilted whereas resistant ones did not wilt. This procedure suggests a method 
for screening oat seedlings for resistance to this organism. Probably in many instances, 
the preparation of a solution of the toxin produced by a plant pathogen, would be 
much simpler than the inoculation of each individual plant. 

Much good material can be obtained from the results of attrition caused by various 
pests of commercial plantings. Survivors of old stands of perennial plants are poten- 
tial sources of genes for resistance to disease and other plant enemies. Such plants have 
formed the basis for the Grimm variety as well as for more recent varieties of alfalfa (1). 


Method Id. Visual observation of distinguishable physiological characters. 

«In this procedure, the investigator utilizes some morphological character which has 
a high correlation with the desired physiological property. Selection for the visible 
‘marker’ character will then serve as a means of distinguishing plants with the desired 
physiological characteristic. 

A very interesting and novel procedure enabling the investigator to screen large 
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numbers of leguminous plants for nodulation by the visual method is described by 
BROCKWELL (3). In this instance a strain of subterranean clover had red pigmentation 
in the leaves. It was found that upon effective nodulation the anthocyanin pigment 
disappeared from the red leaf strain. By this means it was possible to screen subterra- 
nean clover for nodulation without the necessity of digging them from the soil. 

Such a correlation between physiological and morphological characters may save 
countless hours of labor. The plant breeder might well spend time in quest of such 
situations. 

The investigator should ascertain the basis for the relationship between the two 
characters he may be dealing with. Several situations may exist such as cause and 
effect, pleiotropism, or genetic linkage between the morphological and physiological 
characters. Cause and effect and pleiotropism are likely to give perfect correlations, 
but cases involving linkage will not. By determining the crossover percent and taking 
appropriate precautions, a linkage relationship between a nonvisible character and a 
visible character should still prove useful in screening. 


Method II. Screening procedures involving physical comparisons 


Methods coming under this category usually involve more labor than in Method I, 
because each plant or part must be examined individually. However sub-professional 
help is frequently adequate for determinations by methods falling in category II. 


Method IIa. Procedures based on linear measurements. 

Many breeding programs are based on objectives involving such measurable quan- 
titative characters as height of plant, length of plant part — as ear of corn, diameter of 
culm etc. Usually simple measuring tools are used, such as a meter or yard stick, or a 
series of graded screens which will automatically select for size such things as nuts or 
fruits. 

The plant breeder should constantly be on the alert for new kinds of techniques which 
might be used for screening. DONOVAN, MCGEE, and KALBFLEISCH (9) report use of a 
photocell to measure leaf areas in genetic studies of leaf size in birdsfoot trefoil. Pre- 
sumably such a means could be used in a screening program for rapid determination of 
leaf areas. Most plant breeders are not electronics experts; it may well be that other 
electronic devices could be used more extensively. 


Method IIb. Procedures based on weighing. 

Yield is one of the most common criteria in agronomic plant breeding programs. 
While yield determinations are laborious, there is usually no substitute for good yield 
data. Under some circumstances direct observation (Method la) may be sufficiently 
accurate. ENGEL (10) states that a correlation of +0.93 was obtained between visual 
estimation and actual weight of potatoes. The nature of the plant and product to be 
measured determine feasibility of this method. It is much easier to estimate yield of 
corn when the ears from a plot are placed in a pile, than to estimate the yield of alfalfa 
which is standing in the plot. Short cut methods in this category are likely, therefore, to 
involve convenience and efficiency in weighing rather than substitution for it. Direct 
reading or automatic weighing devices aid immeasurably in the speed of yield deter- 
minations. 
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In vegetable and horticultural programs, quality may be equally as important a 
factor as yield. The more important yield is in the program, the earlier does it need to 
be incorporated in the screening schedule. In any case, because yield determinations 
tend to be laborious, elimination of as much material as possible on the basis of other 
criteria should be done before incorporating plants in a yield test. In spite of the diffi- 
culties inherent in yield determinations, with proper organization, large amounts of 
material may be yield tested. This is evidenced by the fact that many plant varieties 
have as their main point of superiority, greater yielding ability. 


Method IIc. Methods based on physical characteristics of plant parts. 

Other physical characteristics besides size and yield of plants are important but are 
not so frequently encountered in plant breeding work. Toughness and tenderness are 
important qualities in vegetables. When such characteristics can be placed on a quan- 
titative basis, progress is likely to be more rapid than when such characters cannot be 
measured. GANGSTAD and SNELL (12) have shown how the mechanical ’puncture 
meter’ of CULPEPPER and MAGOON (7) can be used to evaluate texture in sweet corn. 
The advantage of such apparatus is the reliability of data procured. This in turn makes 
for reproducible results which reduce the need for retesting. 


Method IId. Methods based on physical characteristics of plant extracts. 

Where the breeding objective is concerned with the nature of a plant extract, a deter- 
mination on a physical basis may give the desired information in much less time than a 
chemical test. LENNOX (20) has described the use of the hand refractometer in sugar 
cane breeding. Determination of sugar concentration may be obtained in the field by 
the use of a simple instrument. This screening device aids in the elimination of plants 
which do not produce a sufficiently high concentration of sugar. Since plants are the 
source of so many food and drug products and since chemical tests are apt to be labo- 
rious and time-consuming, it would seem worth while to investigate the possibility of 
the use of some simple physical means of identifying chemicals found in plant extracts. 
Methods ought to be quantitative as well as qualitative. 


Method IIe. Differential reaction to physical stresses. 

The ability to withstand adverse temperature situations is an important attribute of 
perennial plants. Winter hardiness is a necessarily important feature of breeding pro- 
grams in the temperate zone. Screening procedures based on natural testing involve 
much labor and require a sufficiently severe winter to eliminate the undesired plants. 
RoDpGER, WILLIAMS, and Davis (25) have described a method of germinating alfalfa 
at different osmotic pressures produced by solutions of different concentrations of 
sodium chloride and sucrose. These workers found that germination was affected less 
in hardy types than in non-hardy types. Thus a relatively simple laboratory test invol- 
ving physical stress of an easily controlled factor is substituted for a natural field test 
involving physical environmental stresses. 

The method must be fairly reliable. While perfect correlation between methods is 
not necessary, correlation should be high. HEINRICHS (15) does not feel that osmotic 
pressure is a reliable test of winter hardiness in alfalfa. The example is retained in the 
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present paper, since it illustrates a principle. Even if the example itself is not valid it 
may draw other investigators’ attention to the general problem. 


Method III. Procedures involving chemical determinations 


All biological forms and functions of plants have their bases in physical and chemical 
conditions. Our state of knowledge is not yet sufficiently advanced to enable us to 
translate information gained from physical and chemical tests directly into information 
on the biological condition of the plant. Nevertheless, the plant breeder might well 
expect to find situations where some relatively simple physical or chemical test gives 
insight into a biological situation which can be tested only by lengthy and laborious 
procedures. It has been known for some time that pigmented onions were resistant to 
the fungus causing onion smudge (23). The explanation is that pigmented onions con- 
tain protocatechuic acid which is toxic to the fungus. Thus what might at first appear 
as a superficial relationship — color of onions and disease resistance — is found to have 
a common chemical base. Such relationships might well form the bases of screening 
programs. 

Screening methods based on chemical determinations are likely to be time-consum- 
ing. One reason is that each plant must be tested individually. Because a plant’s 
desirable or undesirable properties depend on its unseen chemical composition, there 
can be no discarding of even the least likely looking plants. Another reason is that 
chemical determinations tend to be lengthy. Time can be saved by cutting the number 
of steps and also by keeping each step to a minimum. For example, if a procedure can be 
cut by just six minutes, a saving of over twelve days would result for each thousand 
plants under test. The use of automatic burettes, pipettes and other devices aids greatly 
in this objective. 

Because the time factor is so compelling it may be desirable to use a procedure in the 
initial stages which may have less than the desired amount of accuracy. By this means, 
however, large numbers of plants may be tested. Those surviving may be then re-tested 
by more accurate methods until final selections are made. 

SEEHOFER (26) has outlined three types of chemical tests in selecting large numbers of 
tobacco plants. His methods follow the sequence outlined in the present paper, going 
from less complex to more complex tests. 


Method IIIa. Chemical spot test. 

In this method a small amount of juice, a piece of leaf or other plant part is placed 
on a spot plate or in a test tube; reagent is added and the results of the test are deter- 
mined directly by changes of color, precipitation, or by a test paper. The characteristics 
of the method are its rapidity and directness — it is essentially a one step method. It need 
not be highly accurate but must give sufficient accuracy to eliminate most of the highly 
undesirable plants and retain the best ones. A few undesirable plants may still remain, 
but the main problem is to test large numbers and eliminate most of them. 

The method described by CorkirL (6) for the detection of the glucoside lotaustralin 
and the enzyme linamarase in white clover may be cited. Here three leaves are placed 
in each of three labeled test tubes containing a few drops of toluene. To test tube A a 
preparation of the enzyme is added, to test tube B a preparation of the glucoside, and 
neither is added to test tube C. The test tubes are corked with a piece of picric acid 
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paper placed inside. The tubes are left overnight after which time readings are made by 
noting changes in the color of the picric acid paper. By noting which test tubes are 
positive and negative, the presence or absence of the glucoside and enzyme may be 
determined independently. If one is concerned with only one chemical, the amount of 
labor is reduced. 

The procedure described by GOPLEN, et al. (13) and GoORz and HASKINS (14) for low 
coumarin sweet clover also illustrates this method. Fresh young leaves are placed in 
tubes containing NaOH. They are stored in the dark and later heated for 24 hours at 
97°C. Examination of the material is made under ultraviolet radiation for fluorescence. 


Method IIIb. Semi-quantitative chemical tests. 

Tests more complicated than the spot test reduce the number of plants that can be 
tested for a given amount of labor. Genes to be recovered must be more frequent in the 
population for success in screening. Method IIIb may be used under two conditions: 
as a follow-up to Method IIIa or as the initial screening procedure where no spot test is 
known. 

The present author has used a modification of Cookes’s test (5) for 3-nitropropionic 
acid in a screening program with Indigofera endecaphylla*). The original test was modi- 
fied by using fresh leaves instead of dried material and by training the operator to 
estimate the amount of leaf needed. Automatic pipettes and burettes were used wher- 
ever possible. Approximately 5000 plants were tested. These were classified as low, 
intermediate, or high in the toxic chemical. The low-testing plants and some of the 
high plants were saved for later testing by more precise methods. 

Both the semi-quantitative and the spot method should, if possible, be designed to 
retain more plants than would be kept under more accurate testing. This will ensure 
retention of most desirable plants. 


Method IIIc. Precise chemical testing. 

The final step after most of the unwanted plants have been discarded is the final test- 
ing. The complexity of the procedure will vary depending on the chemical under test, 
but since only a relatively few plants will be tested by this procedure the total amount 
of labor may not be prohibitive. 


Method IV. Indirect procedures involving biological testing 


The use of biological agents was described in certain tests mentioned in Method I. 
The difference between Method I and Method IV is that in the latter the test agent is 
used in an indirect manner to evaluate the individual plants — whether for toxicity, 
nutritive value, or whatever property is under test. The criterion for good test orga- 
nisms is that they be sufficiently small to enable individual plants to be tested with 
reliable statistical results. Microbiological agents as used in vitamin assay would seem 
to be ideal in this connection. The author and colleagues (2) have used weight gains of 
chicks for assaying individual plants of Indigofera endecaphylla *) for toxicity. The ex- 
pense of such testing dictates that this type of program be confined to a relatively few 
‘elite’ plants which have withstood earlier screening under Methods I, II, or III. 

Because biological organisms vary so widely, no attempt is made to divide Method 

1) Recently referred to as /. spicata. 
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EV into sub-groups as was done with the other three sections. At first sight, it may seem 
that classification could be made on size of organism — the smaller the organism, the 
simpler the procedure. This is not borne out by the facts as one of the most complex 
screening methods known to the author utilizes yeasts. 

The screening method referred to is described by OrMo (22) in discussing evaluation 
of grape varieties for wine. After discarding for one reason or another most of the 
seedlings produced in a crossing program, the final evaluation of the grapes is made by 

actually making wine in 1/10 gallon lots from each seedling. The wines so made are 

then analyzed and tasted for final evaluation. As the quality of a wine is dependent on 

a number of factors, it can be seen that this procedure is a lengthy and delicate one. 

Obviously relatively few grape varieties can be used in this procedure. The importance, 

therefore, of the initial screening of the large number of seedlings by other methods to 

eliminate the undesirable types early in the program can be seen. 


Method V. Combination methods 


As the breeder proceeds after most plants have been discarded by one screening 
method or another to the ultimate selection of plants, he may wish to use a combina- 
tion method. Such a method may not be strictly speaking chemical, physical, or biolo- 
gical, but may indeed involve combinations of these. An example of such a method is a 
baking test described by VAN SCoYk (28) for quality in wheat. Baking involves use of 
chemicals, organisms (yeast), as well as physical conditions of elevated temperature. 

The earlier in the life of the plant that testing can be done, the more plants can be 
handled with a given amount of effort. If plants can be tested while still in flats on 
benches, not only is saved the considerable labor of transplanting to the field, but also 
much space. 10,000 seedlings spaced sufficiently well for later identification will require 
at most 250 flats occupying some 375 linear feet of bench space. If these seedlings 
should be transplanted to the field, spaced three feet each way, about two acres will be 
required. 

It is axiomatic that there must be a high correlation between the characteristics of 
the plant in the seedling and in the adult stage. Certain types of rust resistance in wheat 
have long been known to behave differently in the juvenile than in the mature plant. 
Once, however, satisfactory relationships have been shown, the time and labor saved 
by seedling testing will enable an increase in the number of plants under test by a sig- 
nificant factor. CAMPOS et al. (4) discuss the correlation of seedling and adult plant 
reaction to stem rust of wheat. 

A recent example of testing seedlings is given by KREITLOW (19) who showed that 
cotyledons of Ladino clover could be inoculated with virus. Reaction of the plants 
could thus be obtained three to four weeks after sowing. A series of papers by VON 
SENGBUSCH and colleagues deals with similar questions (27). 

The terms rapid and slow are relative. Screening methods used for annual plants 
may be quite involved and yet results might be achieved in less time than for certain 
perennials. A case in point is that described by DiLrer (8) who states that in hybrids 
between American and Asiatic species of chestnut in which the objective is to obtain 
chestnut blight-resistant plants, evaluation of the screening program will not be known 
until twenty-five years of field testing have been completed! Under such circumstances 
even the initial screening program must be at a level of high reliability in order to 
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ensure maximum progress. The report of DiLLer that twenty-five years are required 
before even results of the initial screening program are known should add a note of 
encouragement to workers dealing with herbaceous plants! 


SAMENVATTING 
Classificatie van selectie-methoden 


De betekenis van selectiemethoden toegepast in veredelingsprogramma’s wordt be- 


sproken. Een classificatie wordt gegeven op grond van toeneming van de moeilijk- 
heden. De volgende methoden worden geanalyseerd. 


BWN 


mi 


„ Directe identificatie van gewenste of ongewenste planten. 

. Selectiemethoden welke gebaseerd zijn op lengte, gewicht of andere kenmerken. 
. Selectiemethoden gebaseerd op chemische bepalingen. 

„ Indirecte methoden, waarbij een biologische toetsing noodzakelijk is. 

‚ Gecombineerde methoden. 


Tenslotte worden middelen besproken om tijd en ruimte te besparen. 
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ABSTRACT 


The breeding research of the Institute and the Foundation for Agricultural Plant 
Breeding has been pictured on plates which are hung on show in a temporary show- 
room in the months of May, June and July. For that purpose the threshing floor of 
the Institute is fitted up as a reception room during these months. New plates are 
added every year: with small costs and without too much trouble an attractive show 
is soon made. 

The writer gives a description of this exhibition in 1960, together with a survey of 
the working programmes of the institutes. 

In the references a number of articles are mentioned describing the work of the two 
institutes. 


INTRODUCTION 


Plant breeding institutes and plant breeding establishments prepared to receive 
excursions need a reception room (lecture room, meeting room, a barn or an other 
accommodation) where visitors can be welcomed before they go to the various depart- 
ments and trial fields. 

In older buildings an existing room can usually be adapted to this purpose, while 
with newly constructed laboratories or buildings the demands of modern times are 
taken into account. In rainy weather a reception room will contribute to the success 
of an excursion, particularly when visits to the trial fields are impossible and some 
details of the work can be demonstrated in this room. The demonstration depends 
upon the material available and can be restricted to plates and mural maps but also 
use can be made of a flanelgraph or projector. By replacing old photos by new ones 
the series of lantern slides can be kept up to date. 

One of our breeding stations often uses a film demonstrating its work and every 
institute or breeding establishment aims at picturing its work in it own original way. 

Not only in receiving groups but also with visits of one or two research workers 
or breeders it is convenient to have a showroom at one’s disposal because by way of 
introduction one can give quite a good impression of the work before the visitors are 
passed on to the departments and specialists. Each investigator can talk about his 
own crop on the basis of his plate in the showroom. The showroom saves time for 
both visitors and hosts and allows the institute’s normal work to be carried on with 
minimal interruption. 
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In a previous article I have published about the showroom of 1954 (17); since that 


year many plates have been replaced so that it is relevant to give a description of the 


exhibition of 1960. 


THE SHOWROOM OF THE INSTITUTE AND THE FOUNDATION FOR AGRICULTURAL PLANT 
BREEDING 


As the Institute and the Foundation for Agricultural Plant Breeding — the two build- 
ings are connected by means of a “bridge”— have a joint library, so they also co- 
operate in the reception of visitors. The joint showroom is located on the threshing 
floor of the Institute. 

Every year in April an exhibition is set up. First the walls are protected by means of 
lattice while in selecting the mural maps of the preceding year account is taken of new 
ones in preparation (fig. 1). In this way it is possible to start without losing too much 
time or money. The showroom is used in the months of May, June and July; after 
that time the threshing floor is again used for its own purpose. In the rest of the year 
some of the plates are hung in the lecture room and corridors so that groups can be 
received outside the excursion-time proper. Then use is made of projection or the 
flanelgraph as the case may be. 

In recent years new plates have been made in standard sizes so that replacements 
can be readily fitted. 


THE SHOWROOM 1960 


The showroom in 1960 was enriched by two new plates presenting the development 
of plant breeding (fig. 2), designed by N. G. UILENBURG. 

For ages mass selection was practised in local varieties, until the idea rose to com- 
pare the offspring of individual plants. 

Through this pedigree selection, considerable improvement has been achieved; 
results were obtained sooner and it had become possible to isolate good genotypes 
from bad ones. In self fertilizing plants pedigree selection led to the production of 
lines, in cross fertilizing crops to families which became the basis for the production 
of new varieties. 

Photographs of pioneer breeders show that plant breeding in the Netherlands 
started about 1890 and that potatoes, sugar beet, cereals and pulses were the first to be 
dealt with. About that time some of these pioneers had already made crosses and by 
selection after crossing they obtained good results. 

Nowadays crosses are also made after first inbreeding and selecting, for the produc- 
tion of hybrid varieties; and interest is now focussed also on selection after mutation 
(e.g. for the production of polyploid varieties). 

The new varieties must be shown to be different from existing ones and their cul- 
tural value assessed by the I.V.R.O.. When the breeder’s right has been obtained and 
the variety has been included in the List of Varieties, it can be introduced into com- 
merce. 

In order to have valuable starting material available it is necessary to pay much 
attention to the maintenance of the varieties (16). Seed production is carried out under 


the supervision of the N.A.K. (6, 7). 
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On the same plates some landmarks of genetics have been included. MENDEL's 
experiments, the rediscovery of the Mendelian laws in 1900, the development of the 
concept mutation, the discovery of heterosis and the induction of mutations have been 
pictured. 


It is pointed out that breeding research requires glasshouses. Both at Wageningen 
and at the Potato Breeding Farm of the Foundation for Agricultural Plant Breeding, 
Marknesse (N.E. Polder), use is made of different types of glasshouses. 

The importance of glasshouses can be described as follows: 


L. They serve for material requiring special care (potato seedlings, colchicine material, 

graftings of potatoes on tomato root-stocks, etc.). 

Crossings can be carried out independent of unfavourable weather. 

„ Two or more generations can be grown annually (e.g. F, and F»). 

. Glasshouse clones of potatoes can be produced free from diseases (twice a year). 

. Isolation can be attained to prevent undesired pollination, or the incidence and 

spread of fungi and insects. 

6. Infection material can be maintained and aphids can be raised in isolated ““nur- 
series” serving intentional contamination of trial fields. 

7. Artificial contamination can be carried out without the danger of spreading a 
disease. 

8. Experiments in winter are possible. 


nwn 


A map indicates the location of 68 breeding establishments (private breeders) 
scattered all over the Netherlands. The varieties bred by the various establishments 
and placed on the official List of Varieties are indicated by coloured dots. 

The slogan “What an inventor is to industry, a breeder is to agriculture” aptly 
expresses the importance of plant improvement. 

As counterpart to the survey of Dutch breeding establishments there is a large 
mural plate indicating the percentage of the total area in 1959 devoted to each crop 
which is occupied by varieties bred in the Netherlands. The data presented show that 
in many instances the farmers chose varieties raised in the Netherlands, but that on 
the other hand in several crops foreign-bred varieties are preferred (e.g. in the case of 
winter wheat 86% of the acreage is sown with foreign varieties, spring wheat 100 %, 
spring barley 89%, rye 96%, sugar beet 94%. 

In this connection it can be stated that various Dutch varieties are widely grown 
abroad and that considerable quantities of seed and seed potatoes are exported. 

Under the heading “The farmer readily accepts new varieties” a survey is given to 
the varieties which were widely grown in certain years (fig. 4). 


Another plate illustrates the influence spheres of plant breeding (18). Research into 
varieties, seed and seed potato production, agricultural production in the Netherlands 
and export are indicated, with plant breeding in the centre. One influences the other. 
In this diagram plant breeding is to be considered as a source of new material which 
(after impartial evaluation through the official research of varieties) produces the 
varieties which form the basis for agricultural production (fig. 5). 
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FiG. 4. THE FARMER READILY ACCEPTS NEW VARIETIES. 


In the course of time the Institute has placed numerous hybrid populations at the 
disposal of breeders. Since 1948 this has been done on an even larger scale by the 
newly created Foundation for Agricultural Plant Breeding, the aim of which is to 
perform research on behalf of the breeders, to advise them and to supply them with 
parental material for crosses and with hybrid populations. Large quantities of hybrid 
potato seed and tubers from young clones have also been distributed to breeders. 

It is not surprising that attention is drawn to the centres of origin for cultivated 
plants, which are an important source of parental material (fig. 3). 

Wild plants from the centres of origin, local races and cultivated and newly develop- 
ed varieties must be examined for disease resistance or other desirable features. 
Various diagrams show the inoculation experiments performed to this end, as well as 
freezing trials. In a purposeful way a search is made for plant material that presents 
promising features for use in breeding programmes. 


Schematic illustrations demonstrate the crossing of plants having only one or a few 
valuable characters with commercially grown plants and the narrowing of hybrid 
populations by means of artificial infection, cold testing (for autumn sown crops) and 
so on. This pre-selected material is put at the disposal of Dutch breeders. 


Ir. J. G. Ta. HERMSEN has pictured the inheritance of semi-lethality and dwarfness 


in wheat crosses (19-21). 
Although these experiments form an example of fundamental research it is apparent 


that the results are of great importance for the practical breeders. Through systematic 
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investigation of the wheat varieties as concerns their genetic composition for semi- 
lethality it can be predicted which crosses will give no semi-lethality in the F,. 


Dr. G. DANTUMA (who in 1958/59 worked for a year at the Exp. Farm Lethbridge, 
Canada) and Ir. J. MESDAG illustrate the research on the breeding of cereals. On a 
world map variety collections of wheat, barley and oats are indicated. Special attention 
has been given to disease resistance (rust, mildew and loose smut), winter hardiness 
(4, 5) and early development. The breeding work and the treatment of the populations 
has been worked out in a diagram. 

Photographs demonstrate the trial fields with ear selections (sown according to the 
clump-method) in the Ist, 2nd and 3rd year, while another diagram shows that the 
populations are narrowed by means of selection for disease resistance in order to 
obtain material valuable for the Dutch breeders. 


Ir. H. T. WIERSEMA provided the show with a diagram surveying the breeding for 
disease resistance in flax. It denotes selection for rust resistance, followed in the 
ensuing years by selection for scorch (48), for browning, for foot rot, selection for 
yield, fibre content and quality. 

Attention is drawn to the distribution of starting material to the Dutch breeders. 
The diagram is illustrated with photographs. 
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Frio. 5. FACTORS INFLUENCING THE BREEDING OF AGRICULTURAL CROPS 
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_ Dr. H. J. Toxopeus made a tour to South-America in the beginning of 1955 to 

collect potatoes (43). 

A world-map (fig. 3) shows that South- and Central-America are important centres 
of diversity. From there much parental material has reached the research institutes 
(W.A.C. = Wageningen Potato Collection). 

Very probable interspecific crosses can be used not only to obtain disease-resistant 
commercial varieties, but they may also serve to increase the yield potential-ability 
(39). 

Dr. Toxopeus has published the results of his investigations on Phytophthora re- 
sistarice and other problems of potato breeding in a number of articles (39-47). 


Dr. C. A. HUIJSMAN (23-25, 41) established that the first generation of crosses 
between parents resistant to Heterodera rostochiensis and susceptible potato varieties 
contains 50 or 80% resistant plants. These resistant hybrids are often crossed again 
with potato varieties. An attempt is made to combine Heterodera and Phytophthora 
resistance. 


Ir. B. MARIS among other things investigates the inheritance of maturity in potatoes 
and of the resistance to the wart disease. 


Ir. H. T. WIERSEMA performs research on the resistance against virus diseases in 
potatoes (leaf roll, virus X, Y and S). 


The Potato Breeding Farm of the Foundation for Agricultural Plant Breeding at 
Marknesse (under the direction of Ir. G. A. THIN) has assumed great importance. 
The Dutch potato breeders (220 in number) derive much profit from the hybrid 
seedling material that is grown there. By developing new methods it is now possible 
to supply the breeders in spring with clones that were raised the year before from 
seed in aphid-free greenhouses. 

The working-programme of the potato breeding farm of the Foundation for Agri- 
cultural Plant Breeding at Marknesse has been presented as follows: 


Ll. Building up a collection of parental material, 

2. Crossing programme. 

3. Advice and distribution of seed produced by crossing and of virus-free greenhouse 
clones. 

4. Breeding work. 


This establishment is a necessary link between the scientific research at Wageningen 
and the practical breeders. Tens of thousands of true seeds and glasshouse clones are 
distributed to breeders annually (in 1960 69,000 clones and 552,000 seeds). The farm 
has its own breeding programme so that from experience gained at the premises 
directions can be given to breeders (37, 38). 


It is interesting to mention that it is attempted to stimulate flowering and fertility 
in potato varieties by suppressing tuber formation (36). This is demonstrated by a 
drawing representing a potato shoot grafted on to a tomato root stock. 
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Private potato breeders together start each year with some 500,000 seedlings. On 
their way from 1st year seedling they pass a number of sieves, the ones falling through 
the holes being discarded. Only very few seedlings reach the “Rassenlijst” (List of 
Varieties) in the end. 

On a map of the Netherlands the location of 220 potato breeders has been midicattl 
by means of orange coloured dots. The Commission for the Advancement of Potato 
Breeding (COA) encourages the breeders in their arduous task (22,56). 


Dr. H. LAMBERTS’ plate illustrates the improvement of lupins. Production is given 
a prominent place. Other breeding objectives are non-hardcoated seeds, rapid early 
development, disease resistance, non-shattering pods and non-dropping pods (29-32). 

Attention is paid to types that give a good yield of green matter when sown as late 
as mid-August. The material collected during his study tour to Portugal in 1955 is 
now being studied. 

Other leguminous plants that Dr. LAMBERTS is investigating are turnips, serradella 
and vetches. 


The breeding of turnips has an important place in the breeding programme of Dr. 
LAMBERTS and Ir. HOEN, Ph. D.. New and interesting possibilities can be mentioned 
in this stage already. The diagram indicates that inbred lines are made which are cros- 
sed in many possible ways. Some graphs demonstrate details on clubroot resistance 
and the breeding for a high dry matter content. A paper chromatogram demonstrates 
that the problem of mustard oil is also being investigated and shows that there are 
great differences in this respect. 


In addition to the search for suitable parents the induction of mutations occupies 
an important place in the program of the Institute and the Foundation. Interesting 
results have been obtained by colchicine treatment, the technique of which has been 
improved. 

Mrs. Dr. D. E. BREMER-REINDERS illustrates the colchicine experiments with rye 
(2) 

The photographs indicate that the treatment produces abnormal seedlings. Cell 
division is arrested so that the split chromosomes remain united in one nucleus and 
cells are formed with a double number of chromosomes (28 instead of 14 in the case 
of rye). The seedlings will consist of a mosaic of normal (diploid) cells and cells with 
a double number of chromosomes (tetraploid). The offspring of such mixoploid 
plants are examined individually and the tetraploid plants were kept for further breed- 
ing. These plants will produce tetraploid progeny if they fertilize each other. 


The creation of polyploid beets is shown by Ir. D. KLOEN (27, 28) and G. J. SPECK- 
MANN (27, 28, 34, 35). The working method is explained with reference to a large scale 
experiment started in 1950. Photographs illustrate the procedure. Many breeders have 
received tetraploid material. 


A plate illustrates the research work on yellows in beet by Ir. G. Creu. While the 
yield reduction of all the commercial varieties caused by the virus yellows disease can 
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| be estimated at 50%, Mr. Crey now disposes of families which show only 10-15 % 
yield reduction as a consequence of the breeding for tolerance to this disease. 


Dr. F, P. FERWERDA (14) demonstrates a diagram of recurrent selection for rye 
breeding. The procedure starts with two completely unrelated populations, designed 
“red” and “blue”. A large number of clones from the populations “red” are sub- 
jected to pollination by the population “blue” and vice versa. A comparative test of 
the progeny obtained in this way discloses-which “red” clones show a particular good 
combining ability in regard to the population “blue” and vice versa. 

These well-combining partners are taken as a basis for the breeding of a narrowed 
“red” and “blue” population. The narrowed populations serve a dual purpose: 

L. They constitute the basic material for a new breeding cycle. 
2. By crossing them en masse there is a chance that a progeny be obtained which — 
provided it performs well in the severe comparative tests to which it is submitted — 
ultimately may constitute the basic material for a new variety. 


Inbred lines of maize and their F, obtained by mutual crossing demonstrate the 
heterosis effect which is utilized to produce hybrid maize. A maize hybrid is obtained 
by crossing 4 carefully chosen inbred lines in a given way. The breeder ascertains by 
test crossing which combinations are best matched. 

Attention is given to new methods which have been studied by Dr. FERWERDA 
during a journey to the U.S.A. in 1953. 

The selection for cold resistance in spring is also pictured. The aim is to find parental 
material capable of sound growth in cold springs and of early maturity. 

Furthermore a diagram demonstrates the early development of maize and the se- 
lection for smut resistance. 


Dr. F. Wir (49-55) and his fellow-workers Ir. G. E. VAN Dik (9, 10) and Ir. J. 
DIJKSTRA (11, 12) have designed a plate to illustrate some details of the breeding work 
in grasses and clovers. 

In broad outline the successive breeding procedures are pictured. Starting from 
some thousands of separate plants raised from rooted sprouts derived from old grass- 
lands, from seeds of local varieties or from crosses, the most promising plants are 
propagated vegetatively to clones. After one or more years of assessing the clones the 
best ones are allowed to produce seed by applying the method of polycross. The fam- 
ilies issuing from this crossing programme then show which clones carry their good 
properties on to their offspring in a sufficient degree. 


Mr. Jom. Dros is in charge of the work involved in the maintenance of varieties 
bred by the Institute (Director: Prof. Dr. J. C. Dorst): Vinesco winter barley, Mi- 


nerva spring barley and Vada spring barley. 
From the descendancy of the mildew-resistant Minerva and Vada spring barleys 


it appears that the resistance has been obtained by crossing with another botanical 


species (8). 
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The above mentioned research has been published in several Dutch papers. A 
general survey of the research work of the Foundation is given in the 20th ““Mede- 
deling” of the S.V.P. “De eerste tien jaren” (The first ten years). 

In the references only publications have been included which can be read by 
foreigners. 


On receiving foreign visitors they always show great interest in the organization of 
plant breeding in the Netherlands. In our discussions we draw their special attention 
to the work of the private breeders, to the Plant Breeders Decree, the List of Varieties 
(6-7, 18) and the production of seeds and seed potatoes in the Netherlands. 

The Dutch research workers on plant breeding are united in the Netherlands Study 
Circle for Plant Breeding, the Dutch breeders in the Netherlands Breeders Association 
which has various sections. 

Often there is an opportunity of talking about Eucarpia, the European Association 
for Research on Plant Breeding, the first congress of which was held at Wageningen in 
1956 (26) and the second congress in 1959 at Cologne (15). The third congress will be 
held in France in 1962. Eucarpia has a number of sections to further the contact of 
specialists. 


It need not be emphasized that on receiving visitors the attention is drawn to 
Euphytica, Netherlands Journal of Plant Breeding. Thanks to the many subscriptions 
abroad it is also possible to include articles written by foreign research workers 
and by that to further the publication of their work, thus bringing it more under the 
attention of Dutch research workers and breeders. 


Attention is also drawn to the guide “Wageningen, Centre of Agricultural Science 
1960”, issued by the International Agricultural Centre at Wageningen. 

On a plan of Wageningen (in the hall of the Institute) the location of laboratories 
and institutes has been indicated with small lights. The number of lights gives visitors 
an impression of the rapidly developing agricultural centre. 

The visitors receive documentation material and, in as far as research workers are 
concerned, in addition a copy of the guide “Wageningen, Centre of Agricultural 
Science”. This guide gives a description of all laboratories and institutes. 

Through mentioning the working programmes of the 1.v.P. and the S.V.P. the guide 
supplements as it were the pictures in the showroom. It seems desirable to add here 
some data on the task of the Institute and the Foundation. 


THE ORGANIZATION OF THE INSTITUTE (L.v.P.) AND THE FOUNDATION FOR AGRICULTURAL 
PLANT BREEDING (S.V.P.) 


Institute of Agricultural Plant Breeding, Wageningen 


The Institute of Agricultural Plant Breeding forms a part of the Agricultural Uni- 
versity. Its activities can be presented briefly as follows: 
Ll. Instruction to students. 
2. Scientific research (participation in research upon which future plant breeding 
may be founded). 
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. Breeding work, performed also for instructional purposes. 

. Maintenance of varieties produced by the Institute. 

„ Demonstrations to visitors particularly those interested in breeding work. 

. Supplying with literature and advising on literature. Keeping up of the extensive 


card catalogue of the library. Editing Euphytica, Netherlands Journal of Plant 
Breeding. 


Advice and participation in the work of many other institutions. 


Members of Staff: 


Ë 
D. 


B. 


4, 


Director: Prof. Dr. J. C. Dorst. 

Instruction to students: Prof. Dr. J. C. Dorst. 

Mutations: Mrs. Dr. D. E. BREMER-REINDERS, Dr. F. P. FERWERDA. 

Maternal inheritance: Ir. J. G. Ta. HERMSEN. 

Tetraploid rye: Mrs. Dr. D. E. BREMER-REINDERS. 

Diploid rye and Triticale: Dr. F. P. FERWERDA. 

Maize: Dr. F. P. FERWERDA. 

Semi-lethality in wheat hybrids: Ir. J. G. TH. HERMSEN. 

Potatoes: Dr. H. J. Toxopeus (L.v.P.-S.V.P.-project), Ir. B. MARIS. 

Selection and maintenance of varieties of the Institute: J. DROS, TH. MEINDERSMA. 
Excursions, contact with foreign countries: Dr. H. DE HAAN, N. G. UILENBURG. 
Euphytica: Dr. H. DE HAAN, N. G. UILENBURG. 

Library: H. JANSEN. 


Foundation for Agricultural Plant Breeding, Wageningen. 

Responsibility: To promote the breeding of new varieties of agricultural crops. 
The Foundation endeavours to attain this objective by: 

Performing research work in the field of plant breeding. 

Advising and aiding breeders (e.g. maintaining collections and providing the pri- 
vate breeders with starting material). 

The breeding of new varieties of crops to which private breeders pay little or no 
attention. 

All other means which are useful for the development of new varieties. 

The work is executed at Wageningen and in the North-East Polder (former Zuider- 


zee) where the Foundation manages a farm with a highly specialised department for 
potato breeding. 


Members of Staff: 

Director: Dr. Ir. F. E. NIJDAM. 

Deputy Director: Dr. Ir. H. LAMBERTS. 

Potatoes: Ir. G. A. THIN (Prof. Broekema-hoeve, Marknesse), Ir. H. T. WIERSEMA, 
Dr. Ir. C. A. HUIJSMAN. 

Flax and oil seed crops (rape and oil seed poppy): Ir. H. T. WIERSEMA. 

Grasses and clovers: Dr. F. Wrr, Ir. G. E. VAN DK, Ir. J. DIJKSTRA. 

Fodder lupins, vetches, serradella, turnips, etc. : Dr. Ir. H. LAMBERTS, Ir. K. HOEN, 
Pr. D. 

Sugar beets and fodder beets: Ir. G. Crey, Ir. D. KLOEN. 
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Cereals: Dr. Ir. G. DANTUMA, Ir. J. MESDAG. 
Pulses (peas and haricot beans): Dr. Ir. H. LAMBERTS. 
Cytology: G. J. SPECKMANN. 


SAMENVATTING 


De demonstratiezaal van het Instituut en de Stichting voor Plantenveredeling in 1960 


In de maanden mei, juni en juli wordt in een tijdelijke demonstratiezaal een over- 
zicht gegeven van het veredelingsonderzoek van Instituut en Stichting voor Planten- 
veredeling. Daartoe wordt de dorsvloer met eenvoudige middelen tot een ontvangst- 
zaal ingericht. 

Telkenjare worden enige nieuwe wandplaten toegevoegd; daarbij wordt gestreefd 
naar een standaard formaat. Met weinig tijd, weinig geld en weinig moeite komt een 
aantrekkelijk geheel tot stand. 

Schrijver geeft een beschrijving van de tentoonstelling in 1960, terwijl een schema- 
tisch overzicht van de werkprogramma’s is toegevoegd. In de literatuurlijst zijn in 
hoofdzaak artikelen genoemd, waarin (in een voor het buitenland toegankelijke taal) 
het veredelingsonderzoek van beide instellingen is gepubliceerd. 


REFERENCES 


1. BREMER-REINDERS, D. E. and BREMER, G., Methods used for producing polyploid agricultural 
plants. Euphytica 1 (1952): 87-94. 
2. BREMER, G. and BREMER-REINDERS, D. E., Breeding of tetraploid rye in the Netherlands. I. 
Methods and cytological investigations. Euphytica 3 (1954): 49-63. 
3. Creij, G., Use of plastic tubes in raising beet seedlings. Euphytica 8 (1959): 89-92. 
4. DANTUMA, G., Breeding wheat and barley for winterhardiness. Euphytica 7 (1958): 189-195. 
5. DANTUMA, G. and ANDREWS, J. E., Differential response of certain barley and wheat varieties 
to hardening and freezing during sprouting. Can. J. Botany 38 (1960): 133151. 
6. Dorst‚-J. C., Development and organization of the breeding of agricultural crops in the Nether- 
lands. Euphytica 6 (1957): 4-10. 
7. Dorsr, J. C., A quarter of a century of plant breeding in the Netherlands. Euphytica 7 (1958): 
9-20. 
8. Dros, Jon., The creation and maintenance of two spring barley varieties. Euphytica 6 (1957): 
45-48. 
9. Dik, G. E. vaN, The influence of sward-age and management on the type of timothy and cocks- 
foot. Euphytica 4 (1955): 83-93. 
10. Dijk, G. E. vaN, Breeding for quality in cocksfoot (Dactylis glomerata L.). Euphytica 8 (1959): 
58-68. 
11. DĲksTRA, J., Experiences with the breeding of red clover resistant to the stem eelworm. Euphy- 
tica 5 (1956): 298-307. 
12. Dijkstra, J., Symptoms of susceptibility and resistance in seedlings of red clover attacked by 
the stem eelworm Ditylenchus dipsaci (KÜHN) FirrPjev. Nematologica 2 (1957): 228-236. 
13. FERWERDA, F. P., Methods to synchronize the flowering time of the components in crossing 
plots for the production of hybrid seed corn. Euphytica 2 (1953): 127-134. 
14, FERWERDA, PF. P., Recurrent selection as a breeding procedure for rye and other cross-fertilized 
plants. Euphytica 5 (1956): 175-184. 
15. FERWERDA, F. P., The second Eucarpia Congress at Cologne (July 6-8, 1959). Euphytica 9 (1960): 
13-16. 
16. HAAN, H. pe, Maintaining varieties of self-fertilized crop plants. Euphytica 2 (1953): 37-45. 


THE SHOWROOM FOR AGRICULTURAL PLANT BREEDING IN 1960 


. HAAN, H. pe, The showroom at the Institute of Agricultural Plant Breeding 1954. Euphytica 3 


(1954): 161-166. 


. HAAN, H. pe, Factors influencing the breeding of agricultural crops in the Netherlands. Euphy- 


tica 8 (1959): 183-195. 


. HERMSEN, J. G. TH, Semi-lethality in hybrid offspring of wheat. Euphytica 6 (1957): 18-25. 
. HERMSEN, J. G. Tu., Classification of wheat varieties on the basis of their genotype of necrosis. 


Euphytica 8 (1959): 37-46. 


. HERMSEN, J. G. TH, Quantitative investigations on progressive necrosis in wheat hybrids. 


Euphytica 9 (1960): 141-172. 


„. HOGEN Escn, H. J., Fifteen years activity of (he Commission for the Advancement of Potato 


Breeding. Bepbstie. 2 (1953): 211-223. 


. HUIJSMAN, C. A., Breeding for resistance to the potato root eelworm. II. Data on the inheritance 


of resistance in ne tuberosum crosses obtained in. 1954. Euphytica 4 (1955): 133-140. 


. HUISMAN, C. A., Resistance to the potato root eelworm in S. tuberosum subsp. andigena and its 


importance for potato breeding. Netherlands Journal of Agricultural Science 6 (1958): 39-46. 


„ HUISMAN, C. A., Some data on the resistance against the potato root-eelworm (Heterodera 


rostochiensis W.) in Solanum kurtzianum. Euphytica 9 (1960): 185-190. 


. Jong, J. J. pe, Constituent Assembly and first Congress of the European Association for Research 


on Plant Breeding held at Wageningen (The Netherlands) on 2, 3 and 4 July 1956. Euphytica 5 
(1956): 323-328. 


27. KLOEN, D. and SPECKMANN, G. J., The creation of tetraploid beets. Euphytica 2 (1953): 187-196; 


3 (1954): 35-42; 3 (1954): 154-160; 5 (1956): 308-322; 6 (1957): 193-197. 


. KroeN, D. and SPECKMANN, G. J., The yielding capacity of tetraploid sugar and fodder beets. 


Euphytica 8 (1959): 29-36. 


. LAMBERTS, H., Resistance to mildew in yellow lupins. Euphytica 1 (1952): 199-200. 
. LAMBERTS, H., A new type with a rapid youth growth in yellow lupins (Lupinus luteus). Euphytica 


2 (1953): 59-61. 


. LAMBERTS, H., Broadening the bases for the breeding of yellow sweet lupine. Euphytica 4 (1955): 


97-106. 


. LAMBERTS, H., Ein neuer Typus mit nicht abbrechenden Hülsen und ein neuer Artbastard bei 


Lupinen. Der Züchter 28 (1958): 15-17. 


. NupaM, F. E., The variety in its diversity. Euphytica 3 (1954): 181-187. 
. SPECKMANN, G. J., A rapid laboratory method for cytological control in polyploid breeding. 


Euphytica 4 (1955): 163-166. 


„ SPECKMANN, G. J., Some technical aspects of the production of polyploids in fodder crops. 


Genetica Agraria 11 (1959): 122-143. 


. THĲN, G. A., Observations on flower induction with potatoes. Euphytica 3 (1954): 28-34. 
. THIN, G. A., The raising of first year potato seedlings in glasshouses. Euphytica 3 (1954): 140 


146. 


„ TaĲN, G. A., Methods used in evaluating potato seedlings. Euphytica 5 (1956): 55-62. 
„ Toxopeus, H. J., On the possible significance of Solanum demissum in improving the yield of the 


cultivated potato (in Dutch with summary in English). Euphytica 1 (1952): 133-139. 


„ Toxopeus, H. J., On the significance of multiplex parental material in breeding for resistance to 


some diseases in the potato. Euphytica 2 (1953): 139-146. 


„ Toxopeus, H. J. and HUIJSMAN, C. A., Breeding for resistance to potato root eelworm. 1. Preli- 


minary data concerning the inheritance and the nature of resistance. Euphytica 2 (1953): 180-186. 


‚ Toxopeus, H. J., Leaf testing as a method of genetical analysis of immunity from Phytophthora 


infestans in potatoes. Euphytica 3 (1954): 233-240. 


„ Toxopeus, H. J., Collecting cultivated potatoes in South America for potato breeding. Euphy- 


tica 5 (1956): 97-100. 


. Toxopeus, H. J., Reflections on the origin of new physiologic races in Phytophthora infestans and 


the breeding for resistance in potatoes. Euphytica 5 (1956): 221-237. 


„ Toxopeus, H. J., Notes on the inheritance of field resistance of the foliage of Solanum tuberosum 


to Phytophthora infestans. Euphytica 8 (1959): 117-124. 


„ Toxopeus, H. J., Problems involved in breeding for resistance. Euphytica 8 (1959): 223-231. 


315 


316 


H. DE HAAN 


. Toxopeus, H. J., Studies on the resistance to tuber-bearing Solanaceae from Mexico to Phytoph- 


thora infestans. Euphytica 9 (1960): 39-56. 


. WIERSEMA, H. T., Flax scorch. Euphytica 4 (1955): 197-205. 
. Wir, F., The pollination of perennial ryegrass (Lolium perenne L.) in clonal plantations and 


polyeross fields. Euphytica 1 (1952): 95-104. 


. Wir, F. and SPECKMANN, G. J., Tetraploid Westerwolths ryegrass. Euphytica 4 (1955): 245-253. 
. Wrr, F., A possible virus disease in Lolium perenne. Euphytica 5 (1956): 119-129. 

„Wm, F., Tetraploid Italian ryegrass (Lolium multiflorum LAM.). Euphytica 7 (1958): 47-58. 

. Wir, F., Hybrids of ryegrasses and meadow fescue and their value for grass breeding. Euphytica 


8 (1959): 1-12. 


. Wir, F., Chromosome doubling and the improvement of grasses. Genetica Agraria 11 (1959): 


97-115. 


. Wir, F., Chemically induced male sterility, a new tool in plant breeding? Euphytica 9 (1960): 


1-9. 


. ZINGSTRA, H., Some data and figures on potato breeding in the Netherlands. Euphytica 3 (1954): 


229-232. 


Euphytica 9 (1960): 317-322 
TETRAPLOID SOYBEANS 


NIRAD K. SEN AND R. V. VIDYABHUSAN 
Applied Botany Section, Indian Institute of Technology, Kharagpur, India 
With 10 figures 
Received 3 May 1960 


ABSTRACT 


1. Polyploidy could be induced in four varieties of soybean, both by soaking the seeds 
in colchicine solution and by treating the apical bud of the germinating seedling 
through a cotton-wad, the latter being a more successful method. Even though 
several doses and replicates were tried, the number of polyploids obtained were few 
and out of four varieties with tetraploid sectors only in the progenies of two of them 
tetraploid plants were recovered. 


2. Imbibation of water is hampered in the tetraploid seeds; this reduces the germina- 
tion percentage and delays germination. 


3. The changed growth and development due to tetraploidy is affected by varietal and 
climatic difference but in no case they are shorter than those of the diploids and 
flowering is always delayed and prolonged. The number of branches is, however, 
reduced. Enlargement of parts is observed in stem, leaves, all floral parts, fruits, and 
seeds. There was reduction in fruit number and number of seeds per fruit. The thick- 
ness and colour of leaves were practically unaffected. 


4. The frequency of different chromosome configurations was found to be IV-9.9, III- 
1.85, 1I-14.9 and I-5.2 per cell. The maximum number of quadrivalents in a PMC 
was 17. In two thirds of the cells examined, the chromosome distribution was 40-40. 
No supernumerary-spored quartet was seen. 


5. Only 1-3 per cent. of the progeny were abnormal looking, but none could be 
confirmed as aneuploid. 


INTRODUCTION 


TANG and Loo (1940) obtained tetraploids of soybean (Glycine max. (L.) MERR.) by 
soaking one-day old seedlings in 0.05 to 0.1 per cent. colchicine for 24 and 48 hours. 
They observed thicker and rougher leaves, larger cells and nuclei, and larger stomata 
in the colchicine-induced autotetraploids as compared to the diploids. Closer study of 
the autotetraploid plants of two varieties of soybean by PoRTER and Weiss (1948) 
showed that they have thicker stem, longer internodes, shorter and broader leaves, 
larger seeds and pollen, later dates of flowering and maturity, and a seed yield reduced 
to about 20 per cent. as compared to the diploids. In the early stages of growth the 
height equalled or exceeded those of the diploids, though the mean dry weight was 
slightly reduced ; however, in the later stages both height and dry weight were marked- 
ly lowered. Seeds of the tetraploids were substantially higher in protem content, but 
lower in oil content, and the iodine number of the oil was slightly lower. It was 
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thought desirable to find the effects of tetraploidy in a few more varieties of soybean, 
to get informations on cytological effects and to see whether on the tetraploid level 
break down occurs, yielding aneuploid plants in the progeny. The observations are 
presented in this paper. 


MATERIALS AND METHODS 


To induce tetraploidy, aqueous solutions of colchicine of different concentrations 
were used. Presoaked seeds and apical buds of young seedlings grown in the field were 
treated. The treated plants, which were comparatively slow growing and had thicker, 
coarser, darker green leaves were marked. Stomatal sizes and counts were taken from 
leaves of these plants just before flowering. Pollen sterility and variation in size and 
shape of pollen were noted, and in several plants the tetraploid nature of branches could 
be confirmed from chromosome counts in the pollen mother cells. Seeds from the sus- 
pected tetraploid sectors were sown next year along with the diploids both in pots and 
in the field. After confirming the identity of the tetraploids, comparative studies of 
several morphological, physiological and cytological characters were made from plants 
randomly selected at an early stage. The data are presented generally as averages of 10 
plants. 

For cytological studies the root tips were pretreated with a saturated solution of 
paradichlorobenzene for 1*/, hours at 15°C, washed and warmed gently in a 9 : 1 mix- 
ture of 2 per cent. aceto-orcein and N.HCI and smeared in a drop of 1 per cent. aceto- 
orcein. Warming the slide and pressing furthered a better spreading of chromosomes. 
For meiotic studies flower buds were fixed in freshly prepared acetic-alcohol (1 : 3) for 
24 hours, mordanted in 4 per cent. iron alum for 3 hours. The anthers were squashed in 
aceto-carmine. The cells were flattened by warming and pressing, and the excess stain 
from the cytoplasm was removed by running 45 per cent. acetic acid under the cover- 
slip. 


OBSERVATIONS 


Even though for seed treatments five concentrations of colchicine viz. 0.01 %; 
0.025 %; 0.05 %; 0.1 % and 0.25% and 6 durations viz. 4/,, 1/,, 3, 6, 12 and 24 hours 
making 13 treatments in all were tried, polyploids were obtained only in a few plants 
of two varieties viz. Kharagpur and IC 198. For seedling treatment polyploidy could 
be induced in all the three varieties taken viz. Seminole, Tata 5 and IC 198. With two 
concentrations (0.1 % and 0.25 %) and three durations viz. 3 hours-l day, 3 hours-2 
days and 9 hours-l day. Compared to the success obtained with other large seeded 
legumes in this laboratory like green gram, black gram, horse gram, cowpea and 
broad beans, the number of polyploids obtained through the doses tried and replicates 
used was very small in the case of soybeans. From the progenies of the polyploids of 
these four varieties only in two varieties tetraploids were recovered, and the detailed 
study had to be confined to their progenies viz. Kharagpur and IC 198. 


Germination. In both varieties diploids germinated in 3-4 days, while the tetraploids 
took 4-6 days. Under field conditions the germination percentage of the tetraploids 
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was lowered, due to lack of moisture imbibition. Scarification of the seeds improved 
germination. 


Stem. The height of the plants of the monsoon crop was recorded at maturity and 
pf the summer crop at fortnightly intervals (table 1). In the monsoon crop no differ- 
2nce in height was observed between diploid and tetraploid IC 198 but the tetraploids 
of Kharagpur were taller than the diploids (figs. 1 and 2). In the summer crop, on the 
other hand, IC 198 grew taller, the difference being perceptible from 45th day after 
sowing. The tetraploids had thicker stem, the basal diameter of the summer crop being 
about 10 % larger in both the varieties. The number of branches per plant was reduced 
to about 75 to 80 per cent. of the diploids.. 


TABLE 1. MEAN HEIGHT (IN CM), AND NUMBER OF BRANCHES 


Height 
7 [ : No. of 
Monsoon Summer crop (days after sowing) branches 


crop 
30 45 60 75 


Variety Ploidy 


Kharagpur| 2n 43.2 41.85 | 14.9 + 0.52) 24.8 + 1.23 | 38.5 + 3.01 | 42.0 + 3.50 | 12.0 + 0.61 
An 56.5 + 3.20 | 16.2 + 0.84| 26.8 + 1.18/ 39.3 + 2.54|43.5 +2.90| 9.2 + 0.48 


FC 198 2n 48.0 + 2.56 | 21.2 + 0.87 | 32.7 + 1.27|47.9 + 2.40 | 51.8 £ 3.30 | 12.3 + 1.17 
An 49.3 + 2.82| 20.8 + 1.07 | 39.1 + 2.21 | 60.2 + 4.09 | 74.8 + 5.70 10.0 + 1.05 


Leaf. The cotyledons of the tetraploids are thicker, darker green and drop early. In- 
grease in width of the foliage leaves was observed in both the varieties and also in 
length though only in the smaller leaved IC 198 (table 2). An interesting feature about 
the leaves of Kharagpur-tetraploid was the frequent development of extra leaflets, 
which were conspicously absent in IC 198. These extra leaflets have presumably arisen 
due to the branching of the lateral leaflets at their base (fig. 4). The tetraploids appear 
more hairy due to increased length and diameter of the surface hairs. The leaves of 
both the varieties were pale green in colour, those of their tetraploids were more lighter 
green. They persist on the plants for a longer time than the diploid ones. 

__Stomatal guard cell size increased in length as well as in width by 20-35 per cent; 
but the frequency per unit area decreased to about 65 per cent. of the diploids. 

The characteristic thickness of the tetraploid leaves was not observed, those of the 
Kharagpur even appeared to be slightly thinner. Anatomical section of the leaflets 
showed that the difference was not significant. 


Flower. In the monsoon crop both the varieties flower within 70-75 days, but in the 
summer when Kharagpur flowers in about 30 days, IC 198 takes about 50 days. 
Flowering was delayed in the tetraploids, the difference being more prominent in IC 
198 in the monsoon season and in Kharagpur in summer (table 2). In the tetraploids 
all the floral parts were enlarged though the percentage increase was highly variable 
among the different parts. In general, the percentage increase was higher in Kharagpur, 
though the flowers of IC 198 were smaller. As in the case of leaves, the flowers of 
Kharagpurstetraploid also had supernumerary petals and stamens. 
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TABLE 2. SIZE OF THE TERMINAL LEAFLET OF SIXTH LEAF (CM), FLOWERING TIME (DAYS), TOTAL NUMBER 
OF PODS PER PLANT AND WEIGHT OF 100 SEEDS IN G 


Leaf blade Flowering time 100 seed 


i Ploid Total pods : 
red DK, length width monsoon | summer weight 


Kharagpur 2n 8.25 + 0.21 | 4.73 + 0.11 | 70.3 + 0.25 | 31.0 + 0.11 (174.4+ 25.28) 5.64 + 0.17 
4n |8.21 +0.19|6.33 + 0.20 | 75.1 + 0.61 | 46.1 + 1.60 | 95.5 + 12.20) 8.36 + 0.18 


IC 198 2n 16.72 + 0.23 | 3.94 + 0.24 | 76.0 + 0.30 | 51.3 + 0.56 (135.04 17.88/ 4.10 + 0.18 
4n [7.32 40.46 | 4.34 + 0.38 | 87.1 + 0.65 | 62.6 + 1.70 | 51.6+ 12.42| 6.72 + 0.30 


The frequency of sterile pollen was highly variable in the tetraploids and also the size 
of the stainable pollen. A more conspicous feature was the presence of pollen with 4 
germ pores and some even with 5 germ pores, the pollen of the diploids having 3 germ 
pores. The stainable pollen were generally larger, the increase being more apparent in 
IC 198. 


Pod and seed. The diploid pods of Kharagpur were predominantly 3-seeded and 
those of IC 198 2-seeded, while in their tetraploids about 70 per cent. of the pods were 
l-seeded; 3-seeded pods were rare. The pods of the tetraploids with corresponding 
numbers of seeds were larger, both in length and width. The total pods per plant was 
less than half of the diploids. 

The seeds were larger, increase being noticed in all dimensions, the weight of 100 
seeds being significantly greater (fig. 3). The total of seeds per plant was 39.4 % in 
Kharagpur and 24.7 % in IC 198 of the diploids; but due to heavier weight of the seeds 
the yield per plant increased to about 50 per cent. of the diploids. 


Cytology. The length of mitotic chromosomes ranged from 1.42-2.84 u. The various 
chromosomes of the karyotype could be grouped into two long pairs ranging in length 
from 2.61-2.84 u, four short pairs ranging in length from 1.42-1.85 u and fourteen 
pairs of medium-sized ones ranging from 1.9-2.37 u. All the chromosomes appeared to 
have median or nearly median primary constrictions. Satellited chromosomes could 
not be identified. The diploids have 2 n — 40 and tetraploids 2n — 80 chromosomes 
(figs. 5 and 6). No appreciable size difference in the chromosomes (due to doubling) 
could be seen. The tetraploid cells and nucleus were much larger than the correspond- 
ing diploid cells. 

Meiosis is regular in the diploids, forming 20 rod-shaped bivalents. In the tetra- 
ploids configurations with higher valence than quadrivalents were not present. In 
Kharagpur from 20 clear metaphase I plates the frequency of the different configura- 
tions were found to be IV — 9.9, III — 1,85, II — 14.9 and I — 5.2 per cell (fig. 9). The 
maximum number of quadrivalents in a cell was 17 and the minimum 5, maximum and 
minimum trivalents being 5 & 1; bivalents were 25 & 6 and univalents 14 & 0 per cell 
respectively (figs. 7, 8, 10). Precocious movement of chromosomes at metaphase I was 
common but no laggard was seen though many anaphase 1 plates were examined. 
From a few clear anaphase plates it was seen that in nearly two-thirds of the cells the 
distribution of chromosomes was equal. No super-numerary quartets were seen. 
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_ Progeny. The progenies of tetraploid plants were fairly uniform with variations 
which could be normally attributed to environmental factors. Critical examination of a 
targe number of progeny of the two varieties for two successive years revealed the 
presence of several abnormal plants arising in a frequency of 1-3 per cent. of the total 
plants. Some of the plants were sterile. Some of them may have been aneuploids but 
their chromosome number could not be determined with precision. 


DISCUSSION 


Compared to the number of polyploids obtained with other large seeded legumes in 
this laboratory like black gram, green gram, horse gram, cowpea and broad bean, very 
few were obtained in soybean, even though a wider range of concentrations and repli- 
cates was tried. Some varieties in which polyploid sectors could be induced even failed 
to give tetraploid progeny. Between the two methods of treatment — seed or seedling 
treatments — the latter was found to be superior, though polyploids were obtained in 
both, as in the other large seeded legumes. It seems that larger seeds absorb and store a 
greater amount of colchicine which proves to be fatal to the germinating seedling. 
Among the soybean varieties all the large-seeded types decayed soon after colchicine 
treatment, while in the small-seeded types survival was much higher. 

Tetraploid seeds germinate a couple of days later and the delayed germination seems 
to be due to a slower rate of moisture absorption, among other causes. 

Giganticism of plant parts, common characteristics of tetraploidy, has been observed 
in thicker stems and branches; increased heighn, larger leaves and floral parts, broader 
pods and bigger seeds, etc. resulting more or less in an overall enlargement. CLAUSEN 
(1941) from his exhaustive work on Nicotiana concluded that the monobasic species 
respond to tetraploidy with characteristic enlarged growth features, while the dibasic 
species exhibit decreased vigour and growth. He suggested that beyond a certain limit 
ploidy has an adverse effect both in auto- and allo-ploids, the threshhold being at 
tetraploid or higher level. In soybean even with 2 n — 40 chromosomes the threshhold 
seems to be at a level higher than diploid. 

The tetraploid branches are thicker, and though usually shorter and slightly less in 
number, there are several plants with more branches, which offer scope for increasing 
the number of branches by selection. 

Considerable varietal and seasonal difference is seen in growth of the plants. In the 
monsoon crop the tetraploid of the variety Kharagpur was taller than the diploid but 
not in IC 198; the situation was reversed in the summer sowing. The initial growth rate 
was slower in the tetraploids and by the 30th day they caught up the diploids; the sub- 
sequent growth rate was either similar to the diploids or more. The vegetative growth 
was prolonged in the tetraploids and if the crop was harvested later the tetraploids 
gave more dry matter. 

The petioles of the tetraploids were thicker and slightly longer ; the leaf width had 
significantly increased, making the ovate-lanceolate leaves look ovate; however, un- 
like most other tetraploids the leaves were not thicker and darker green in colour. 

In both the monsoon and summer crops the flowering was delayed and prolonged in 
the tetraploids. The continued flowering and growth of the tetraploids, even long after 
the diploids ceased to do so, has probably been. due to less exhaustion of the plants in 
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fruit setting, since the fertility is usually reduced in tetraploids. In the variety Kharag- 
pur, which produces a limited number of flowers per inflorescence, tetraploidy did not 
appreciably increase the number of flowers per inflorescence axis, while in the variety 
IC 198 with many flowers per inflorescence, the axis was prolonged and more flowers 
opened. The flower as a whole, and all the component parts separately are larger in 
tetraploids, although the different floral parts vary in the degree of intensification per 
se. In Kharagpur some of the flowers had supernumerary petals and stamens. Flowers 
with supernumerary anthers were quite frequent and so far there appears to be no 
report of the occurrence of supernumerary stamens due to tetraploidy in plants with a 
limited number of stamens. The stainable pollen grains were variable in size and in 
addition to the usual sterility and increased size of pollen due to tetraploidy, the pre- 
sence of pollen with 4- and 5-germ pores (where the diploid pollen have only 3- germ 
pores) was a characteristic feature which has been also observed in the tetraploids of 
several other legumes in this laboratory. 

The total number of pods per plant and seeds per fruit was appreciably reduced; 
but the pod and seed sizes increased. The tetraploid seeds show a greater increase in 
thickness than in length and width. The tetraploids also produce a small proportion of 
shrivelled seeds. 

In the tetraploids a maximum of 17 quadrivalents out of 20 possible are seen and 
about 50 per cent. of the chromosomes pair in fours. The rest of the chromosomes 
mostly pair as bivalents, the frequency of trivalents and univalents being low. The 
subsequent meiotic irregularities like precocious movement and lagging chromosomes 
are low. 

Due to the presence of such high number of quadrivalents it was expected to recover 
some aneuploids from the progeny of the tetraploid plants. But the frequency of the 
abnormal plants was low, being about 1-3 per cent. of the population. None of these 
plants could be confirmed as aneuploids so far. It may be concluded that the tetra- 
ploids of both the varieties breed more or less true to tetraploidy. 
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TETRAPLOID SOYBEANS 


1 AND 2. DIPLOID AND TETRAPLOID PLANTS OF THE VARIETY KHARAGPUR. 

3. DrPLOID AND TETRAPLOID SEEDS OF KHARAGPUR (TOP) AND IC 198 (BOTTOM). 
4. DrPLOID AND TETRAPLOID LEAVES OF KHARAGPUR. 

5 AND 6. DIPLOID AND TETRAPLOID MITOTIC CHROMOSOMES. 

9. METAPHASE PAIRING IN DIPLOID. 
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ABSTRACT 


The writer describes an attack of the mite Tarsonemus spirifex in inbred plants of 
perennial ryegrass. 


Parathion, if need be applied repeatedly, restricts the mite activity considerably. 


MITE ATTACK IN PERENNIAL RYEGRASS 


In the summer of 1959 we raised some hundreds of inbred plants of perennial rye- 
grass in plastic pots. These plants had been produced by self-pollination of one mother- 
niant. 

Dressings of 4 gr. KNO;, 4 gr. Ca(NO)2, 1 gr. Ca(H,PO,)2, HO and 1 gr. MgSO,, 
“ H,O per pot had been applied, comprising 1.24 gr. pure N, 1.86 gr. K,O, 1.36 gr. 
CaO, 0.58 gr. P,O; and 0.16 gr. MgO per pot. 

The total quantity of fresh leaves harvested per pot was nearly always less than 100 
sr, with a dry matter percentage of approximately 20. With a protein content of 30 % 
a the dry matter, which is nearly the maximum, this means about 5% pure N, that is 
‘ gr. per pot. 

As the ratio of the various minerals in perennial ryegrass is somewhat as follows: 
L2N:1.5K,0:0.3 CaO :0.5P,0;:0.09 MgO, we gave a slight surplus of CaO and 
MgO, apart from sufficient quantities of the other constituents. The water capacity in 
the pots was held at a constant level of 80% by weighing them every day. 

Considering the above precautions there was no reason to assume shortage of food 
or drying out. In spite of that many inbred plants began to show remarkable growth 
symptoms. They remained short and compact while ear formation proceeded incom- 

lete. 

It was obvious to assume that a virus disease had occurred as described by F. Wir in 
1956 (4). His description is as follows: “Affected plants produce new leaves which are 
shorter, thicker and stiffer than normal. Elongation of the leaf sheath is inhibited. The 
blades become dark, almost blue-green in colour and more or less crinkled in appear- 
ance. Often they show irregular or elongated swellings on the under surface. In the 
early stages these plants usually exhibit excessive tillering but extreme stunting, result- 
ing in a dense dwarfed type of growth.” 

This picture almost holds for the symptoms we observed in the pots. Yet there was a 
difference, namely in the general habit of growth. The virus-attacked plants clearly had 
a diseased appearance whereas our plants at first looked more as if they had been 
grazed; neither did the plants display the discolorations described by Wir. 
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On closer examination however it was shown that the leaf sheaths and also the leaf 
blades were blistered and crinkled while ear formation and elongation were greatly 
hampered. Sometimes one part of the plant was attacked while an other part continued 
to grow undisturbed (fig. 1). 


Fig. 1. INBRED PLANT OF PERENNIAL RYEGRASS. RIGHT, PLANT PARTLY 
ATTACKED BY MITES 


On microscopic examination of the inner side of the leaf sheaths it turned out that 
many mites had settled on abnormal plants. They were identified as Tarsonemus spirifex 


(fig. 2) by Mr. C. F. v. p. BUNp of the Plant Protection Service, Wageningen (2). Apart 
from adults also many larvae were found. 


From the P.P‚S. I heard that this mite has been described by SCHOEVERS (3) as a new 
oat parasite in 1915. At that time it was feared that the insect might become a serious 
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Tarsonemus spirifex MARCH. 
/ 


Y 


d larva 


After A. C. OUDEMANS 


Fig. 2. DETAILS OF LARVAE AND ADULTS OF Zarsonemus spirifex MARCH. (Nat. size 300 u). 
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threat for oat growing. However, it proved to be less serious and the same may hold 
for the attack here described in grass. But since we observed the mites only in inbred 
plants and not in normal ones it is not impossible that the danger is there and that the 
attack may become more frequent. Therefore grass breeders should be on the alert. 

SCHOEVERS for oats mentions the purplish red colour of many culms as the most con- 
spicuous symptoms. We did not observe this in grasses. Furthermore he describes the 
impediment of culm emergence and the crinkling of culms. He considered it most prob- 
able that grasses related to oats were the actual host plants of Tarsonemus spirifex. 

Be this as it may, the mites have disturbed our breeding programme with inbred 
plants. We have tried to restrict further damage by spraying the plants. It was shown 
that parathion in normal concentration, if need be applied repeatedly, will limit mite 
activity considerably, though not decisively since they are not completely killed. Systox 
was less effective and the results of the extremely poisonous Endrin, a special mite kil- 
ling agent, were not better than those of parathion. 


SAMENVATTING 


Een mijtaantasting bij inteeltplanten van Engels raaigras 


Schrijver vermeldt een aantasting van de mijt Tarsonemus spirifex in inteeltplanten 
van Engels raaigras. Deze mijt werd reeds in 1915 beschreven door T. A. C. SCHOEVERS 
als een haverparasiet. 

Een bespuiting met parathion in normale concentratie, eventueel herhaald, beperkt 
de activiteit van de mijten aanzienlijk. 
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ABSTRACT 


Ll. An analysis of the data from 1,387 seedlings from 44 progenies derived from 21 
varieties of apples showed that the characters fruit shape, size and season of ripening 
all showed a quantitative pattern of inheritance. 


2. The progeny mean for fruit shape was found to be approximately equal to the mid- 
parent value. 


3. The progeny mean for fruit size is generally less than the mid-parent value, the 
average decrease from the mid-parent for all the outbred progenies being 34 per 
cent In consequence, only a very small proportion of seedlings produce fruit of 
acceptable size. 


4. The progeny mean for season of ripening is close to the mid-parent value except in 
crosses between late ripening varieties, in which the progeny mean is earlier than 
the mid-parent. 


5. The main effects of each parent on each of the three characters have been calculated 
by treating the data as an incomplete diallel cross. The calculated main effects for 
each of the 21 varieties tested allow predictions to be made on the progeny means of 
untested combinations of parents. 


INTRODUCTION 


Breeding experiments with apples have been carried on at this Institute since 1912 
but no report on the inheritance of fruit characters has been published since 1933 
(CRANE and LAWRENCE, 4). More recently reports have been published from Canada, 
U.S.A. and Britain (1, 2, 5, 7, 8, 10, 11, 13, 14) on the inheritance of several fruit and 
tree characters but, owing to the very heterozygous nature of the clonally propagated 
parent varieties and the quantitative nature of the characters studied, considerable 
difficulty has been experienced in showing the contributions made by the parents to 
their progeny and to evaluate the varieties for planning future crosses. 

The methods of statistical analysis used to calculate the parental contributions to 
their progeny of mildew resistance in the apple (BROWN, 3) are applicable to other 
characters which are inherited quantitatively. These methods of analysis have there- 
fore been applied to the accumulated apple data in order to assess more accurately the 
parental contributions to fruit characters and to enable estimates of the potential value 
of varieties as parents to be made. 
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MATERIAL AND METHODS 


The seedlings studied were all derived from crosses between diploid varieties. Crosses 
have been made involving triploid varieties but the number of seedlings which survived 
to fruiting age was too small to warrant their inclusion. All seedlings were propagated 
on Malling II rootstocks. Representative samples of fruit were stored under cool con- 
ditions for recording at maturity. Measurements were taken from drawn outlines and 
the records for each seedling were continued for at least three years to verify that the 
characters were constant in expression. The results for each character were grouped 
into a number of classes for the purposes of analysis. 

In order to assess the contribution of each parent to its progeny a statistical analysis 
of the data was made for each of the three characters using methods applicable to an 
incomplete diallel cross (3, 6). The analysis was made on 1,387 seedlings from 44 
progenies involving 21 parent varieties. The number of progeny in some families was 
small but the general agreement between the expected and observed results justifies 
their inclusion. 


RESULTS 


Fruit shape 


The fruits of the apple vary in shape from very flat oblate to oblong and several 
intermediate categories may be recognised. KLEIN (9) for example used only two cate- 
gories; round to oblate and conic to oblong; TYDEMAN (11) classified fruits into oval, 
round, and flat, while WELLINGTON (12) created ten classes from oblate to oblong conic. 

The fruit shape classes used in the present investigation were arrived at by expressing 


_ length 5 ; 
the ratio — ee as a percentage. The fruits scored ranged from very flat having a 
diameter 


ratio of 65 to very tall when the ratio was approximately 100. The range of 65 to 100 
was divided at intervals of 5 per cent, giving eight classes, 0-7. This procedure does not 
recognise shapes such as conic where the fruits taper towards the eye, nor contour 
variations such as ribbing. WiLcox and ANGELO (14) who adopted five shape classes, 
treated conic as a separate character and showed that of all the fruits examined, conical 
fruits were least frequent (1%) in the oblate class and most common (32 %) in the 
round oblong class. 

The records in the form of a percentage frequency distribution among the eight 
shape classes for the outbred progenies are given in Table 1 and for inbred progenies in 
Table 2. The majority of the seedlings fall between the parental values although the 
distribution frequently extends beyond the parents. The average distribution of all the 
progenies is through 5.4 shape classes. 

The contributions of the varieties to their respective sets of crosses are given in 
Table 3. These figures are the estimated contributions of the parents to the average 
shape rating based on the eight shape classes of the individual progenies in Tables l and 
2. The sum of the contributions of any two varieties gives the estimated progeny mean 
shape. Thus Cox’s Orange Pippin, 1.81 x MelIntosh, 1.70 has an estimated progeny 
mean of 3.51. Varieties like Beauty of Bath and Baumann’s Reinette both with low 
contribution figures confer flatness to their progenies whereas Margil and Golden Spire 
give seedlings with tall fruit. 
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TABLE 2. FRUIT SHAPE OF INBRED PROGENIES 


Nr Per iden on shape Actual |Estimated Parent 
Parentags seedlings PROBSDY | PEORGNY value 

01 2 Spall ISSN mean mean 

| 

Ellison’s Orange 13 ONKLSHESINES EIN S ES IKON NO 2.69 3.16 3.80 
Lane’s Prince Albert 6 Ome RI7 ee Snels ONO 4)! by 3.62 3.60 
Cox’s Orange Pippin 16 0 Of 6/44/37|12| O{ O 3.56 3.62 3.20 
MeIntosh 6 OBONRT ISS NETTE AIK K7 ANO 3.83 3.40 3.40 
Rev. W. Wilkes 16 Ow Ort On 443 ej 1266 4.00 3.84 3.60 
Laxton’s Superb 5) Of Of 0O/40/40{ O| O{ 20 4.20 4.04 4.40 
Charles Ross 6 Oeh Ose Oe Ov ede7an 67a le 17e O 5.00 3.58 3.40 
Antonowka 11 OO pO 91127 5.00 4.98 4.20 
Golden Spire 10 Of Of Of 0/30} Of 30 | 40 5.80 7.10 7.00 
General mean 4,139 4,15 4.07 


TABLE 3. ESTIMATED AVERAGE FRUIT SHAPE CONTRIBUTION (— main effects) OF PARENT VARIETIES 


Baumann’s Reinette . . . 0.70 Eaxton s;Superbmmnnn 202 
Beauty of Bath .. . . . 0:96 orde erbvaan nnn 2.02 
Egremont Russet . . . . 1.40 Duchess Favourite .. . 2.17 
Rivalge ad de 1.42 Northern Greening. . . 2.38 
Ellison’s Orange . ... 1.58 Duchess of Oldenburg . 2.39 
MECIntOSh Are. 1.70 ATOROW EK Se meern 2.49 
CharlesIR oss mn 1.79 RoyalJubilee — > en 22054 
Cox’s Orange Pippin . . 1.81 EordEindlips se SES 
Lane’s Prince Albert. . . 1.81 Maraite ee 35 
InishiBeach ennn 1.90 Golden Spire ..... 3.55 
Rev. W. Wilkes. . . . . 1.92 


The average standard error of the difference in the main effects of two varieties 
is 0.232. 


From Tables 1 and 2 it is possible to compare the actual progeny means, the esti- 
mated progeny means and the mid-parent values. The agreement between all three 
columns is very close but the most interesting comparison in this case is between the 
actual progeny mean and the mid-parent value. In 13 cases the progeny means were 
less than the mid-parents indicating that the progeny on the whole tended to be flatter. 
All the rest were approximately the same as the mid-parent or slightly taller. The great- 
est divergence from the mid-parent was where the varieties Irish Peach and Duchess 
Favourite, having rather flat fruits, were crossed with Cox’s Orange Pippin and the 
progenies were approximately one shape class taller than expected. There was practi- 
cally no difference between the mean of all the outbred progenies (3.878) and the mean 
of the mid-parents (3.754). 


Fruit size 
Fruit size is a very variable character which can be influenced by environmental 


conditions. The seedlings and parent varieties considered in the following tables were 
grown under closely comparable conditions and, as the fruit records were checked 
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over a period of three or more years, the relative fruit sizes given are considered to be 
reasonably accurate. 

The results have, however, been compiled from records which have accumulated 
over a number of years and consequently all the fruits have not been recorded in the 
same years so that the effects of varieties may be partly confounded with effects of 
years but this does not effect the general conclusions. 

Fruit size was calculated using the formula devised by CRANE and LAWRENCE 
length x radius? 
1,000 
timetres and is a much more accurate estimate of size than figures that are based on 

diameter alone. 

There is a continuous range in fruit size and for the purpose of analysis the sizes 
have been grouped as follows: 


x 2.7. This gives the approximate volume of the fruit in cubic cen- 


Less than 75 ces. _ small rating 0 

76 ces. to 125 ces. medium small | 
126 ecs. to 175 ces. medium En 
176 ces. to 225 ces. medium large es) 
More than 225 ccs. large sel. 


The ratings for varieties shown in brackets in the tables are based on fruits of aver- 
age size and rated according to the same scale of O to 4. Thus a variety whose average 
is 170 ccs. would be rated 2.40 (2.00 being 150- the mid-point between 126 and 175). 

The percentage frequency distribution among the five classes for the outbred and 
inbred progenies arranged in order of progeny mean size are given in Tables 4 and 5. 
The average size distribution within the progenies is through 4.1 size classes. In several 
progenies a small percentage of seedlings have fruits larger than the larger parent, on 
the other hand, quite frequently 50 per cent. or more of the seedlings have fruits smaller 
than the smaller parent. 

The estimated average size contributions of the parent varieties have been calculated 
as described earlier (Table 6). In general small varieties contribute smallness to their 
progenies and the large varieties contribute largeness. There are however, some large 
varieties, notably Charles Ross and Lord Derby which have a lower size contribution 
than would be expected, while Margil, a comparatively small apple, contributes greater 
size than expected. From this data it is clear that the progenies from some crosses are 
unlikely to produce any, or at least very few, seedlings with fruit of commercial size. 
The two early apples, Beauty of Bath and Irish Peach, have an estimated progeny 
mean of 0.64 — less than 100 ccs. in average fruit size. Such a cross gives little prospect 
of segregating any fruits of commercial size. 

The estimated mean of the progenies based on the parental contributions is in all 
cases very close to the actual progeny mean (Tables 4 and 5) and shows the value of 
this estimate in assessing the progeny means of other possible crosses between the 
varieties listed in Table 6. When the actual mean is compared with the mid-parent 
value however, in only two progenies, Cox’s Orange Pippin X Margil, and Cox’s Orange 
Pippin selfed, does the mean exceed the mid-parent and in two others it comes near the 
mid-parent. From all other crosses the progeny mean is considerably less than the mid- 
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parent, the mean fruit size of Cox’s Orange Pippin x Beauty of Bath being only 27.4 
per cent. of the mid-parent size. 


"TABLE 5. FRUIT SIZE IN INBRED PROGENIES 


NS sof Per cent. with size Actual [Estimated [_ parent 
Parentage seedlings rating of progeny | progeny Oe 
0 1 | 2 3 4 mean mean 
| 
lLaxton’'s Superb . .. 5 40 | 20 | 20 | 20 0 1.20 1522 2.20 
‚Antonowka ..... 11 18 | 36 | 36 9 0 1.36 1.60 3.50 
WEharles Ross ….…. 6 33M33 ORL LE, 1.50 1.88 4.30 
(Golden Spire. .... 10 ZON ZON RA0 0 | 20 1.80 2.08 3.30 
 Ellison’s Orange 13 OS LS LS 1.92 1.42 2.80 
Cox’s Orange Pippin 16 6 | 31 12 | 44 6 Dld 1.38 1.90 
MeFntosherawar s), 25, ei 6 0 | 50 ON E33 BW DM 2.48 3.00 
Rev. W. Wilkes. . . . 16 Oms lO ML OE BSN Pe DUS 3.10 4.20 
Lane’s Prince Albert 16 (0) 0 OM SOR ESO 3.50 3.62 4.00 
General mean 2.036 2.08 3.24 


‘TABLE 6. ESTIMATED AVERAGE SIZE CONTRIBUTION (—= main effects) OF PARENT VARIETIES 


Egremont Russet . . . . 0.05 Northern Greening. . . 0.95 
BeautysofsBatheen te 10:24 Lord Hindlip 0.97 
Duchess Favourite 0.27 GoldeniSpitenm nnn 1.04 
Baumann’s Reinette . . . 0.38 EordsDerbyan sn 1.07 
ishsPeachsanes … 0.43 Matinee een 1.07 
Laxton’s Superb 0.61 Duchess of Oldenburg . 1.15 
Cox’s Orange Pippin 0.69 Moelntoshie sne 1.24 
Ellison’s Orange 0.76 Rev. W. Wilkes ER LESD 
Antonowkarss. Passauts <0 … 0.80 Lane’s Prince Albert . . 1.81 
RAA RAe 0.82 Rovalflubilee enn 254 
ChatlessRossu. urne 0.94 


The average standard error of the difference in the main effects of two varieties is 0.191. 


The mean of all the outbred progenies is 1.59 and for mid-parents 2.41, thus the 
progenies are on average only 66.1 per cent. of the mid-parent. Reviewing the data of 
other workers one finds similar results have been obtained. BrsHoe (2) for example, 
gives the results of Northern Spy crossed with Cox’s Orange Pippin, Ben Davis and 
Golden Russet in which the progeny means were 69, 60.5, and 72.2 per cent. of the mid- 


parent value respectively. 


Season of ripening 

The season of ripening of most of the fruit samples was based on the month in which 
the fruits matured after a period in cool storage, except for the very early ripening 
fruits, which were of necessity recorded at harvest time. The earliest fruits ripened in 
August are rated as O and the latest in March are rated 7. The percentage frequency 
distribution within the progenies, arranged in order of mean season of ripening and 
commencing with the earliest are given in Tables 7 and 8. The average distribution 


within the progenies is through 4.8 months. 
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TABLE 8. SEASON OF FRUIT RIPENING OF INBRED PROGENIES 


No. of Per cent. with BAL of Actual |Estimated| Parent 
Parentage seedlings ripening rating of progeny | progeny Aes 
0 1 2 3 4 5 6 7 mean mean 

Charles Ross 6 ON KSSNIRLZE ER ONRON OA ‚0 Jr 7, 0.84 2.0 
‘Golden Spire... | 10 40 | 20 | 20 | 20 OfONRO 1.20 1.16 2.0 
Ellison’s Orange . 13 SANA 238 NET Sue LON ONO LE 1.69 2.0 
Rev. W. Wilkes 16 O|44|44| O|12| O| O| Oj 1.81 2.08 2.0 
Antonowka ... | 11 ONKASH ETA S NONO AI OTO 1.91 2.16 3.0 
MeIntosh. … … … » 6 ONS SNES EZ O NIEL ONO 2.33 2.87 3.0 
Laxton’s Superb 5 0/20/20/40|\ 0/20} O| O|\ 2.80 2.89 4.0 
Cox’s Orange Pippin 16 ONSRONZS ESO TO ONO NO 2.81 2.76 3.0 
Lane’s Prince Albert 6 ONF OR 7AN (ESS LE BL NIE 4.67 4.11 6.0 

General mean Db! 2.28 3.00 


TABLE 9. ESTIMATED AVERAGE SEASON OF RIPENING CONTRIBUTION (— main effects) OF PARENT VA- 
RIETIES 


Beauty of Bath . . . . .-0.214 INICIn COS hae E03 
InishsBeachism wee 01153 Baxtonis\Superbira nen elr4E5 
Duchess of Oldenburg . . 0.163 Marsia ar 1453 
Duchess Favourite . . . 0.217 Egremont Russet . . . 1.546 
CharlesiRoss enn 0420 LordiElindlipss sel 682 
Goldensspire mams 05580 EOEdSDED 0 
Ellison’s Orange . . . . 0.844 Royalmubile nnen) 
RevaWirWilkes usa 15040 Baumann’s Reinette . . 1.841 
Antonowka …. . .... 1.086 Lane’s Prince Albert . . 2.056 
Bavalg olen ver enden eG Northern Greening. . . 2.127 
Cox’s Orange Pippin …. . 1.381 


The average standard error of the difference in the main effects of two varieties 
is 0.204. 


Crosses between early ripening varieties have a small range of distribution due, no 
doubt, to the limit of earliness being fixed. The calculated parental contributions to 
season of ripening are given in Table 9. In the majority of cases the progeny mean is a 
little earlier than the mid-parent. In only six out of 35 crosses is the progeny mean 
later. The greatest deviations are in crosses involving very late varieties such as Lord 
Hindlip, Lane’s Prince Albert and Northern Greening. For example in the cross 
Northern Greening x Lord Hindlip, the progeny mean is more than two months 
earlier than the mid-parent. 

The cross MeIntosh x Egremont Russet is exceptional in that the progeny mean 
shows considerably later ripening than expected from the mid-parental value and the 
calculated progeny mean. The number of seedlings involved was small and therefore 
this deviation may not be significant. SCHNEIDER (10) reports that in a few crosses as 
many as 60 per cent. of the seedlings ripened later than the late parent. BisHop (2), on 
the other hand, found that crosses of the late ripening varieties Northern Spy x Ben 
Davies and Northern Spy x Golden Russet only 13.3 and 10 per cent. respectively of 
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the seedlings were in the late ripening class. The mean of all the outbred progenies is 
2.465 and the mean mid-parent value is 3.028 so that on average the progeny mean 1s 
just over two weeks earlier than the mid-parental value. 


DISCUSSION 


From the results of this survey it is clear that fruit shape, size and season of ripening 
in the apple material studied show a quantitative pattern of inheritance. Comparison, 
for each of three characters, of the actual progeny means with the estimated progeny 
means derived from statistical analysis, shows that the performance of progenies can 
be predicted with considerable accuracy from the main effects values of the parents. 

In the selection of the cultivated apple, apart from gross irregularities of contour, 
any shape from flat oblate to tall conic has been acceptable. Fruit shape has not there- 
fore been subjected to any great selective pressure and one finds that, with few excep- 
tions, the mean shape of a progeny is approximately midway between the two parents. 
In this case the statistical calculation of the parental contributions to fruit shape yields 
no more information than can be obtained from the actual shape of the parent varie- 
ties. 

Fruit size, on the other hand, has been greatly increased by rigorous selection and, 
in the course of many generations from the small wild type, a very great increase in 
size has been achieved. Here one finds that in general the mean fruit size of the proge- 
nies is smaller than the mid-parent value and the average decrease in the 35 outbred 
progenies tested was 34 per cent These results indicate clearly that many varieties, 
which are acceptable in themselves produce progenies in which the fruit size of the 
majority of the seedlings is below commercial size. Some combinations of varieties are 
unlikely to yield any, or at least very few seedlings with fruit of acceptable size. In the 
progeny of Cox’s Orange Pippin x Egremont Russet some 96 per cent. of the seedlings 
would have to be eliminated on fruit size alone without taking into account the other 
necessary qualities such as colour, flavour, etc. of a commercial apple variety. In 
general, the larger the fruits of the parents the greater will be the proportion of the 
seedlings producing fruits of acceptable size. It may well be that future apple breeding 
policy will include the selection of very large fruited seedlings, not necessarily accept- 
able as varieties, for use as parents. Parents of this kind would ensure an increase in the 
proportion of seedling progenies from which selection for other desirable characters 
can be made. 

The progeny means for season of ripening fall near the mid-parent value. The 
greatest divergence from this is where selection has been for extreme lateness of ripen- 
ing where the progeny mean in some cases is as much as two months earlier than the 
mid-parent. 

Because most apple varieties are out pollinated and show a high degree of self-in- 
compatibility it is not possible to get large inbred progenies. Nevertheless, the results 
of the small inbred progenies given in Tables 2, 5 and 8 are very similar, for all three 
characters, to those obtained from outbred progenies and no inbreeding depression for 
fruit characters is evident. 


I wish to thank Mr. N. E. GuBerr for statistically analysing the data in this paper. 
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SAMENVATTING 


De overerving van vruchtvorm, vruchtgrootte en rijptijd bij appelkruisingen 

Analyse van de gegevens van 1387 zaailingen afkomstig uit 44 nakomelingschappen 
van kruisingen tussen 21 appelrassen toonde aan dat de eigenschappen vruchtgrootte, 
vruchtvorm en rijptijd alle kwantitatief overerven. 

Het nakomelingschapsgemiddelde voor vruchtvorm was ongeveer gelijk aan het ge- 
middelde van de ouders. Het nakomelingschapsgemiddelde voor vruchtgrootte lag in 
het algemeen beneden het gemiddelde van de ouders, terwijl de gemiddelde afwijking 
voor alle nakomelingschappen 34% beneden het gemiddelde van de ouders bleek te 
zijn. Slechts een zeer klein percentage van de zaailingen produceerde derhalve vruch- 
ten van een voor de handel acceptabele grootte. 

Het nakomelingschapsgemiddelde voor de rijptijd lag dicht bij het gemiddelde van 
de ouders behalve bij kruisingen tussen late rassen waarbij het nakomelingschapsge-- 
middelde vroeger bleek dan het gemiddelde van de ouders. 

De hoofdinvloed van elk ouderras op elk van de drie eigenschappen werd berekend 
door de gegevens te behandelen als die van een onvolledige diallele kruising. De be- 
rekende hoofdinvloed voor elk van de 21 onderzochte rassen maakt het mogelijk te 
voorspellen hoe het nakomelingschapsgemiddelde van niet beproefde combinaties van 
de ouderrassen zal zijn. 
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ABSTRACT 


/ 1. Measurements were made of stem length, leaf number, leaf size, total yield and 
marketable yield on two varieties of Brussels sprout, on inbred lines derived from 
them, and on hybrids produced by crossing the inbred lines of the two varieties. 

2. Three sets of such measurements were taken at different periods in the growing 
season. The standard errors of plot totals decreased with increasing plant maturity, 
but the standard errors of the within-plot variances were not affected. 

„ 3. Inbreeding depression varied considerably in degree, both between different inbred 
lines and between different characters in the same line, and ranged from a 5 per cent. 
reduction in number of leaves to a 58 per cent. reduction in marketable yield, as 
compared with the parent non-inbred varieties. 

„ 4. Hybrid vigour varied in a similar manner, but all hybrid families gave yields which 
exceeded that of the highest yielding parent variety. 

‚5. In every hybrid family studied, the increase in the marketable yield, as compared 
with the mean of the parent varieties, was greater than the increase in any other 
character including total yield. It is suggested that this was the result of selection 
during inbreeding, for uniformity of desirable sprout quality. 

6. Analysis of the within-plot variances of the characters measured suggested that uni- 
formity for plant and leaf size characters had not been markedly changed by in- 
breeding. 

7. The contrast between increased uniformity for sprout quality and lack of detectable 
change in uniformity for plant and leaf size characters is attributed to different rates 
of approach to homozygosis at different loci as a result of selection. 

8. Inbred lines can combine to produce hybrid families with yields superior to those of 
the non-inbred parent varieties. Work is continuing on both the breeding and 
assessment of inbred lines, and on the technical problems involved in the production 
of hybrid seed in commercial quantities. 


L. INTRODUCTION 


The present-day varieties of Brussels sprouts (Brassica oleracea L. var. gemmifera 
ZENKER) are notoriously variable from plant to plant. The presence of weak or off-type 
plants which make little contribution to the crop, and of sprouts of unmarketable 
quality, reduces the yield per acre to less than two-thirds of what it could be if all plants 
were as good as the best. Work is in progress at this research station on the use of in- 
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breeding and hybridisation in this crop, as a means of improving uniformity for desir- 

_able characteristics and thus increasing yield per acre. Promising results have been ob- 
tained, but the problem of producing hybrid seed in commercial quantities remains to 
be solved. 

Inbreeding was performed by means of self-pollination in the bud stage and in each 
generation selection was made both between and within inbred lines with the object of 
improving uniformity for sprout development and quality. Plants were judged prima- 
rily on their ability to produce a sprout which was as nearly perfect as possible in each 
ieaf axil except those almost at ground level. The criteria of sprout perfection were that 
each should be firm and dense, smooth surfaced with fully overlapping outer leaves, 
nearly spherical, dark green, and free from disease. Since neither the main stem nor the 
leaves are normally marketed, the general plant habit was ignored unless it was abnor- 
mal. Secondary selection was made for plant vigour, but only within the confines im- 
posed by the primary selection for uniformity of sprout development and quality. 

Selection was made by eye judgement, since no objective method of assessment was 
available. There was, however, no evidence that uniformity for the characters of inte- 
rest could be improved by such selection, or that inbred lines uniform for desirable 
characteristics would combine to produce high yielding hybrid families. Furthermore, 
the degree of inbreeding depression or hybrid vigour likely to be encountered was un- 
known, as was the form these effects would take. Attempts have therefore been made 
to develop objective methods of assessing the vigour and uniformity of the breeding 
material in order to provide information on these aspects. This information may enable 
the development of more objective methods of selection, and will help to define the 
progress achieved in the breeding of uniform high-yielding varieties. 


2. PLANT MATERIAL 


The material was derived from Brussels sprout varieties Cambridge No. 3 and Cam- 
bridge Special. Cambridge No. 3 is medium-tall, vigorous, and produces medium to 
large sprouts of only moderate quality. Cambridge Special is semi-dwarf, less vigorous, 
and produces small, high quality sprouts. The experimental material comprised the 
above two parent varieties, three second inbred generation lines from Cambridge No. 
3, two third inbred generation lines from Cambridge Special, and six hybrid families 
obtained by crossing these inbred lines in all possible combinations of “No. 3” X 
“Special”. Only non-destructive methods of assessment were employed as the number 
of inbred plants available was limited, and each was potentially of value in the breed- 
ing programme. 


3. PARAMETERS 


In a crop such as Brussels sprouts the marketable produce represents a relatively 
small part of the whole plant. Thus whilst parameters such as height of stem, leaf area 
and leaf number provide estimates of plant vigour, the yield of sprouts, and especially 
the marketable yield, is not necessarily correlated with vigour. An extreme example is 
provided by vigorous “sproutless” plants which have appeared during inbreeding, in 
which the axillary buds fail to develop into sprouts. In addition, the marketability of 
sprouts depends on the quality factors already enumerated. 
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Small scale tests were made to gauge the effectiveness of various parameters and 
sampling techniques. This was particularly helpful in view of the laborious nature of 
some of the determinations. 


3.1. Length of stem 

Height was at first measured both overall, to the highest extent of plant tissue above 
ground, and as stem length to the growing point. The overall height was found to 
depend mainly on leaf attitude, which was impossible to measure satisfactorily as it 
was influenced by both the angle between the petiole and the stem, and the length and 
curve of the petiole and the lamina. Measurements of both overall height and of width, 
which also depended on leaf attitude, were therefore discontinued. Stem length to the 
growing point was used in all the main studies. 


3.2. Area of a single leaf lamina 

The size of the leaves was found to increase gradually from the base of the stem up- 
wards, to the point where the young leaves were not fully expanded. From this position 
to the growing point the size of leaves decreased rapidly. The change from a gradual 
increase to a rapid decrease in size served to distinguish fully expanded leaves from 
immature ones. Only the fully expanded leaves were measured. The phyllotaxis was 
such that a series of four to six concentric spirals described around the stem would pass 
through the base of all the petioles. The leaves from one such spiral provided a good 
sample, with respect to size, of all the leaves on the plant. The mean area of a single leaf 
lamina was determined by dividing the total area of the leaves in one such spiral by the 
number of leaves comprising it. 

It was not feasible to make direct measurements of lamina area in the field. How- 
ever, in the range of material studied, the ratio of lamina length to breadth showed no 
significant differences either between individual plants or between varieties, and the 
general shape of leaves was similar in all plants. This suggested that the area of the 
enclosing rectangle, calculated by multiplying lamina length by breadth, could be used 
to represent lamina area for comparative purposes. The regression of actual area, 
determined by planimeter, on “enclosing area” was calculated for a sample of plants 
from each of the varieties. No significant differences were found at the one per cent. 
level of probability either between individual plants or between varieties, with respect 
to the position or slope of the regression line. The relationship was actual area — 
[length x breadth] x 0.78 (+ 0.043). 


3.3. Number of leaves 


The number of fully expanded leaves was counted. The plants also had leaf scars 
marking the position of older leaves which had been shed. No significant differences 
were found either between individual plants or between varieties in the number of these 
scars, and they were ignored in subsequent work. 


3.4. Total leaf area per plant 


The mean area of a single leaf and the number of leaves per plant varied indepen- 
dently of one another. “Total leaf area per plant” was calculated by multiplying the 
two. 
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3.5. Yield 


Total yield was determined by picking and weighing, at intervals of approximately 
four weeks, all sprouts judged to be too mature to remain in marketable condition 
until the next date of picking. Five picks were made between September and February, 
and the yields quoted are the sum over the season of these individual records. 


3.6. Quality 


No objective method was found of assessing the various factors determining sprout 
quality. The total material picked was graded by skilled staff into unmarketable and 
marketable categories, the latter conforming as nearly as possible to the “selected” 
grade recommended by the Ministry of Agriculture, Fisheries and Food (6). 

Since this work was completed, NORTH and FRITH (7) have developed a mechanical 
method for assessing sprout firmness which is expected to be of value in further studies. 


4. STATISTICAL TREATMENT 


The non-inbred parent varieties and the hybrids formed part of a larger experiment 
arranged in 3 randomised blocks with each plot consisting of a single row of 30 plants. 
The inbred lines were in a second, adjacent, experiment with the same layout. Inbreds 
and hybrids were planted in these separate experiments to avoid competition effects 
resulting from differences in plant size. Ten plants were marked at random in each plot 
and these were used for all determinations. For ease of reference, these sets of ten 
plants will be referred to throughout as “plots”, since the units of 30 plants of which 
they form a part are not referred to again. 

Measurements of plant habit and size were made separately for each plant, but 
owing to shortage of labour for picking, yields were not available from individual 
plants, but only as a total from the 10 plants taken together. 

An analysis of variance was made on the plot totals for each factor studied. This 
gave the errors and probability levels associated with between-family comparisons of 
vigour. 

The within-plot variance was also calculated for each plot. A second analysis of 
variance was then made on the log (to base 10) of the within-plot variance for each 
factor. This analysis gave the errors and probability levels associated with between- 
family comparisons of uniformity. 

To investigate possible effects of increasing maturity, the same plants were measured 
on three successive occasions during growth; in mid July, mid August, and mid Sep- 
tember. No further measurements of plant habit and size could usefully be made after 
picking began in September, because of mechanical damage resulting from picking. 


4.1. Effect of maturity on standard error of plot totals 


TABLE Î. STANDARD ERROR OF PLOT TOTALS AS PERCENTAGE OF SINGLE PLOT MEAN, AT THREE DATES OF 


MEASUREMENT 
Plant character Period of measurement 
July | August | September 
Stemdensthmnsi ket ens 14.2 13.0 | 5.0 
Mean area, single leaf 16.5 10.2 9.6 
Number of leaves ...... les) 9.7 55 
Eotalmleafdare ans mna ve 24.3 14.7 11.6 
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Table 1 shows that the percentage standard errors decreased at each successive date 
of measurement, the September series of measurements being subject, relative to the 
size of the means, to about half the error of the July series. 

The comparatively high percentage standard errors in July may have resulted from 
different rates of recovery of individual plants after transplanting in June. By the time 
of approaching maturity in September, these differences would be expected to be 
minimised. 


TABLE 2. VARIANCE RATIOS OF DIFFERENCES BETWEEN FAMILIES/ERROR, AT THREE DATES OF MEASURE- 
MENT (NI/N2 — 10/20) 


Period of measurement 
Plant character 
July August September 
Stemensth a SE 3.4 15.9 
Mean area, single leaf . ... 8.4 18.0 16.2 
INE EENES a va ve 24 | 2.9 12.4 
OCE AKATE WN: 4.8 10.1 (es 


TABLE 3. DIFFERENCES BETWEEN SMALLEST AND LARGEST FAMILY MEANS COMPARED WITH LEAST SIG- 
NIFICANT DIFFERENCES AT 5% PROBABILITY. (Figures are single plant means) 


Plant character Statistic Period of measùrement 
July August September 
Stem length (cms) Greatest difference 7.10 10.90 10.10 
ESD at: 3.42 56: 3.99 
Mean area of single leaf Greatest difference 274.0 450.0 604.0 
(sq. cms) ES Dwarse 95.0 113.0 131.0 
Number of leaves Greatest difference 6.70 9.60 18.60 
ESD vat 5% 4.20 te 4.27 
Total leaf area (sq. metres) Greatest difference 0.72 1.85 2.84 
TES vattS 0.32 0.58 0.71 


Tables 2 and 3 show that while all three dates of measurement revealed significant 
differences between the groups of plants compared, the lower percentage standard 
errors at the later dates enabled more precise comparisons to be made. 

Block differences were significant at the 5 per cent. level for all characters in the July 
measurements whereas, with one exception, block differences were not significant in 
August or September. 


4.2. Effect of maturity on standard error of within-plot variance 


Table 4 shows that for all but one character at one date of measurement, the standard 
errors were higher than the theoretical value, thus indicating non-normal distribution 
of data. Significant differences could be detected between the most extreme groups of 
plants compared at all three dates of measurement (as shown in Tables 5 and 6), but in 
most cases the results were only significant at the 5 per cent. level of probability. 
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_ TABLE 4. STANDARD ERROR OF LOG: (WITHIN PLOT-VARIANCE) AT THREE DATES OF MEASUREMENT 
DT Celen ea en 


Blantcharacter Period of measurement 
July | August September 

Stemlenothim Pens enke ne 0.267 0.219 0.277 
Mean area, single leaf . ... 0.246 0.251 0.285 
INtmbersofnleavestus winst 0.230 0.288 0.316 
Totalileaftareartgn ete oet p 0.202 5 0.330 0.322 

D ; 

— 0.204 — expected value of standard errors of log;o variance for random samples 


N x (23026)? from a normal distribution. 


TABLE 5. ANALYSIS OF VARIANCE LOG10 (WITHIN-PLOT VARIANCE). VARIANCE RATIOS OF DIFFERENCES 
BETWEEN FAMILIES/ERROR, AT THREE DATES OF MEASUREMENT (N1/N2 — 10/20) 


Pant character Period of measurement 
July | August | September 
Steunen other eene 1.0 3.0 | 1.4 
Mean area, single leaf .... ( 2.8 1.8 
INumberofsleaves: …… IE2 0.4 0.7 
Botalleattareamms kt cen 2:59 2.6 157 


TABLE 6. ANALYSIS OF VARIANCE, LOG10 (WITHIN-PLOT VARIANCE). DIFFERENCES BETWEEN SMALLEST 
AND LARGEST FAMILY MEANS, COMPARED WITH LEAST SIGNIFICANT DIFFERENCES AT 5% 
PROBABILITY (Figures are single plot means) 


Plant character Statistic Period of measurement 
July August September 
Stem length Greatest difference 0.462 0.726 0.654 
L.S.D. at 5% 0.442 0.368 0.468 
Mean area of single leaf Greatest difference 0.460 0.754 0.766 
ISD rabo 0.419 0.422 0.486 
Number of leaves Greatest difference 0.508 0.294 0.578 
WAD Is 0.392 0.423 0.535 
Total leaf area Greatest difference 0.496 0.936 0.928 
ESD Rats 0.344 0.556 0.550 


No block differences were significant at the 5 per cent. level at any of the dates of 
measurement. No reductions in standard errors were obtained by calculating the 
within-plot variances on the log of the actual measurements. 


5. PLANT SIZE AND YIELD 


Comparisons between the breeding groups showed the same trends at each date of 
measurement, but the most precise comparison was possible in the September series, 
which had the lowest standard error relative to the size of the mean. Table 7 gives the 
results obtained from the September measurements, together with the yields obtained 
over the whole harvesting season. 
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5.1. Inbreeding depression 


Table 7 shows that the inbred lines were consistently smaller than the comparable 
non-inbred parent varieties, in all characters studied. In most cases the difference was 
significant. Table 8, however, shows that the degree of reduction as compared with the 
parent variety differed considerably from one inbred line to another, and from one 
character to another. Thus it would be of little value to calculate from these results a 
mean inbreeding depression for a particular inbred line or a particular character. 


TABLE 8. NUMERICAL DIFFERENCES BETWEEN RESULTS FROM INBRED LINES AND THE APPROPRIATE PARENT 
VARIETY, EXPRESSED AS A PERCENTAGE OF THE MEAN OF THAT VARIETY 


Inbred family Stem length Mean area No. of Total leaf Total Marketable 
single leaf leaves area sprouts sprouts 

From Cambs. No. 3 | 

VN ders Sd 23.6 13.7 10.4 30.0 | 34.8 71.7 

BEN | 24.0 16.9 SL, 2 9.4 34.0 

Crone el 23.4 26.6 Sel 30.6 47.1 58.4 
From Cambs. Special | | | 

DO 16.5 26.4 17.9 34.2 50.0 | 46.2 

NAE A 230 13.6 | 16.1 26.6 39.7 40.7 


Significant decreases at 5% level are italicized. 


With one exception (inbred line B) the depression in the total yield was greater than 
that in the plant and leaf size characters for the same line. This was largely the result of 
late sprout development and maturity in the inbred lines, as compared with the parent 
varieties. In the inbred lines, a larger proportion of the sprout initials towards the apex 
of the plant failed to develop before inclement weather arrested growth. The exception, 
inbred B, was subsequently found to carry a heritable factor for early sprout maturity, 
which exerted an effect even after general vigour had been restored by hybridisation. 

Further, but also with one exception, the depression in marketable yield was greater 
within any one inbred line than that in any other character studied. This resulted from 
a decrease in sprout size, itself a manifestation of inbreeding depression. This factor 
rendered a considerable proportion of the crop unmarketable on the criterion of size 
alone. The exception, inbred line X, is discussed later. 


5.2. Hybrid families 


Table 9 shows that there was no consistent increase in the plant size characters in the 
hybrids, as compared with the mean of the two parent non-inbred varieties. 

a. Stem length and number of leaves 

The stem length of all the hybrid families was significantly less than the mean of the 
parents and all but one of the hybrids (C_x X) had fewer leaves, though this was only 
significant in one case. 

The reduced stem length in the hybrids may have resulted partly from dominance of 
the dwarf habit of Cambridge Special. The fact that all but one of the hybrids had even 
shorter stems than Cambridge Special suggests, however, that selection had occurred 
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TABLE 9. NUMERICAL DIFFERENCES BETWEEN RESULTS FROM HYBRID FAMILIES AND THE MEAN OF THE 
PARENT NON-INBRED VARIETIES, EXPRESSED AS A PERCENTAGE OF THAT MEAN 


(+ denotes increase, — denotes decrease) 
Hybrid family Stem length Mean area No. of Total leaf Total Marketable 
single leaf leaves area sprouts sprouts 
eend ESS soe ken 1.0 #25.8* | +453+ 
VEEN Geke ek EE — 8.1 27.1 — 4.9 +24.9+ +16.6 +31.0+ 
BOEKE — 24.0 + 0.6 —12.8 — 8.8 + 8.3 +37.17 
Ber No, Stres — 14.0 — 3.5 — 6.7 — 6.5 +25.07 +43.2* 
ORO nt EED + 7.0 + 4.9 +15.8 + 9.0 41.27 
(OLSEN Eene SEN —184 + 7.6 el +10.8 + 1.3 +23.8 


Significant decreases at 5% level are italicized. 
Significant increases at 5% are marked with asterisk. 


unintentionally for a short-stemmed type. It is possible that stem length was correlated 
with one of the selected characters. Table 9 shows that the reduction in leaf number 
was less than that in stem length, with the result that the internode length in the hybrids 
was reduced. This is borne out in Table 10, which shows that the internode length of 
the hybrids tended towards that of the Cambridge Special parent. The excessively short 
internodes of Cambridge Special cause tight packing of the sprouts, which encourages 
disease and complicates picking; both undesirable characteristics. This selection trend 
is fortuitous and must be guarded against in future work. 


TABLE 10. CALCULATED INTERNODE LENGTH (CMS) 


Family or Variety Internode length 
GambudeelNonsm | 1.29 
EVO AAR Pe 0.86 
EI Ori A Ns ec 0.97 
FEVDHABE Ke OE 0.87 
EIyDAB ANV Rn ee Pe EE 0.92 
HYDE ORE Keenan lea re A 0.82 
FIV bd GE Va ne bren Ar 0.83 
Cambadgei Special nee 0.79 
Meantof parent varieties nn 1.04 


b. Mean area of single leaf and total leaf area 
In both of these characters, individual hybrid families varied to both sides of the 


mean of the parent varieties. The only significant differences detected were increases in 
both, in hybrid A x Y. 


c. Total yield, including unmarketable sprouts 

All hybrid families studied exceeded the mean of the parent varieties in total yield, 
the increase being significant for two of the six hybrids. Since (Table 9) three of the 
hybrids showed no comparable increase in any of the plant size characters measured, 
the increased total yield was probably only partly the result of increased plant vigour. 
lt is likely that part of the increase resulted from greater uniformity for sprout devel- 
opment, thus eliminating the lower yielding plants. 
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d. Marketable yield 

The marketable yield of all the hybrid families exceeded not only the mean of the 
two parent varieties, but also the yield of the better parent variety. In four of the six 
hybrids, the increase over the better parent was significant. 

Table 9 shows that the increase in marketable yield considerably exceeded that of 
any other character measured, including that in total yield. In this connection it is of 
interest to compare the increases in total and marketable yield in 14 other hybrids 
present in the main yield experiment, but not included in these more detailed determi- 
nations of plant size and vigour. All 14 showed increases in both total and marketable 
yield as compared with the better parent variety. In all but 2, the increase in marketable 
yield was greater than the increase in total yield. 

Thus in 18 hybrid families out of 20, the increase in marketable yield was too great 
to be wholly accounted for by the increase in total yield. It is likely that this was the 
result of greater uniformity for desirable sprout quality in the hybrids, as compared 
with the parent varieties. The effect of selection for quality characters was masked in 
the inbreds by their late maturity and small sprout size, except in inbred X where the 
tmprovement was sufficiently large to overcome these masking effects. 


6. UNIFORMITY, AS INDICATED BY WITHIN-PLOT VARIANCE 


Table 11 lists the within-plot variances of the September series of measurements. 
The inbreds showed a slight trend towards decreased variances as compared with the 
appropriate non-inbred parent varieties, but none of the differences was significant at 
the 5 per cent. probability level. Comparison of the variances of the hybrids with the 
mean of the variances of the non-inbred parent varieties also showed slight reductions, 
but only one difference was significant. 


7. DISCUSSION 


Inbreeding, by self-pollination, has been practised for two generations in some of the 
material and fo1 three generations in other material. However, judging by the variance, 
little change is apparent in the phenotypic uniformity of plant and leaf size characters 
between the parent non-inbred varieties, the inbreds and the hybrids derived from 
them. Conversely, the considerable increases in marketable yield in the hybrids, as 
compared with the parent varieties, were apparently the result, in part, of greater uni- 
formity for sprout yield and quality as distinct from the result of increased plant size 
associated with hybrid vigour. This was supported by the obvious uniformity for 
cropping characteristics to be seen in inbreds and hybrids in the field. q 

Lewis (5) has suggested that heterozygotes have a greater phenotypic stability than 
homozygotes. In the inbreds, this would tend to counteract any reduction in variance 
resulting from improved genetic uniformity. This explanation does not, however, 
account for the lack of reduction in variance in the hybrids. These should show reduced 
variance as compared with the mean of the variances of their inbred parents as a result 
of restored stability. Furthermore, since both the non-inbred parents and the hybrids 
are heterozygous they should not differ in stability, and the hybrids should show 
reduced variance as compared with the non-inbred parents as a result of improved 
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TABLE 11. LOG) (VARIANCE) SEPTEMBER MEASUREMENTS. (Figures are the total variance of 3 plots of 
10 plants each) 


een 


Log; (variance) of: — 
MANE s densth Mean area | Number of | Total leaf 
lid single leaf leaves area per plant 
A A ne EO le enkele SN ne EN 
Cambs. No. 3 (parent variety) . .. 4,94 4.54 | 4.21 6.08 
Second inbred generations from | 
Cambs. No. 3: 
gtr dn Er eta 3.84 32 3.65 5.05 
Ben 4,41 4.00 4.73 6.39 
Cie nt Disat Bnr ane t 4.33 342 4.30 5.38 
Hybrids between No. 3 inbreds and 
Special inbreds: | 
AAN GEAN E Oe DEM 0E ODS 3.35 3.41 3.62 4.96 
ANDRE VAE en AE 2.98 3.19 4.52 5.44 
BE aen EN 3.47 4.16 4.46 5.62 
VAN GE cor Een 3.99 3.30 4.00 4.88 
CREE ve | 4.23 | 2.94 | 4.39 5.24 
(OS de en laar dt 4.31 3.30 | 4,43 SE 
| | 
Third inbred generations from Cambs. 
Special: | 
EE vor En aen Bente ze 3.76 2.24 | 4.06 | 3.61 
DE MN emee dek e Mat 3222 2.49 | 3.96 4.22 
Cambs. Special (parent variety) . . . 4.34 | 2.76 | 513 4.94 
Mean of parent varieties .. . ... 4.64 3.65 4.78 DI 
ESD in neerde ls |__1.40 146 | 160 vennen 


Italicized marks hybrid significantly lower than the mean of the parent varieties. 


genetic uniformity between plants. Neither of these effects can be detected in the data 
obtained from this material. 

An alternative explanation is that a given level of inbreeding may only produce a 
similar degree of improvement in all characters showing variability, in the absence of 
selection. The characters, other than yield, measured in these studies were not those on 
which selection for uniformity had been practised. The necessity to select for vigour in 
order to preserve viability may have resulted in the retention of heterozygosity at loci 
other than those determining the characters under selection for uniformity. 

It is generally accepted that vigour in an outbreeding species is associated with 
heterozygosity, and therefore selection for vigour places homozygotes at a disadvan- 
tage. HAYMAN and MATHER (3) state that when homozygotes are at a disadvantage the 
approach to homozygosis is very slow, even with continual self-fertilisation, and may 
cease under certain conditions. HALDANE (2) disagrees with the statement that the 
approach to homozygosis will cease completely under some conditions, but does not 
contest that it will be considerably delayed. The criticism by HALDANE has been 
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answered by HAYMAN and MATHER (4) and the original conclusion re-asserted. Apply- 
ing these conclusions to the present case, it appears that by selecting for vigour, and 
hence for heterozygosity, some degree of heterozygosity may be retained in spite of in- 
breeding. 

On the other hand, selection for uniformity of certain characters may place homozy- 
‚gotes at an advantage at the loci determining these characters. According to BATEMAN 
and MATEER (1) the approach to homozygosity at such loci may then be more rapid 
than would be expected from the degree of inbreeding. A significant change in the uni- 
‘formity of characters under strong selection pressure may thus be obtained after 
relatively few generations of self-fertilisation. 

If the loci at which selection places heterozygotes at an advantage are few relative to 
the total gene complement, it may be possible for both these effects to occur simultane- 
ously. In the Brussels sprout material studied, the primary selection during inbreeding 
was made on the basis of uniformity for the sprout development and quality characters 
required, without reference to vigour. Thus the approach to homozygosity may have 
been accelerated at the loci determining these characters. Secondary selection was then 
made for vigour, within the confines imposed by the primary selection. This may have 
retarded the approach to homozygosity at all other loci of the total complement. 

The work has shown that reasonably vigorous inbred lines can be produced by 
visual selection for uniformity of sprout development and quality, and that these lines 
can be combined to produce hybrid families with yields superior to those of the non- 
inbred parent varieties. Work is continuing on improved methods of breeding and 
testing inbred lines, and on the technical problems associated with the production of 
hybrid seed in commercial quantities. 


SAMENVATTING 
De beoordeling van de groeikracht en uniformiteit bij spruitkool 


Enkele kenmerken en eigenschappen van twee spruitkoolrassen (Cambridge No. 3 
en Cambridge Special) worden vergeleken met die van de daaruit gekweekte inteelt- 
lijnen en hybriden ontstaan door kruising van die inteeltlijnen. 

De inteeltdepressie varieerde aanzienlijk, zowel wat betreft de verschillende inteelt- 
lijnen als de verschillende eigenschappen van eenzelfde inteeltlijn. 

Het heterosiseffect varieerde op overeenkomstige wijze: alle hybride families echter 
gaven opbrengsten welke die van het meest produktieve ouderras overtroffen. Inge- 
teelde lijnen geven dus bij kruising hybride families welke meer opbrengen dan de niet 
ingeteelde ouderrassen. 

De technische problemen die bij de produktie van hybride zaad zijn betrokken wor- 
den bestudeerd. 
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ABSTRACT 


Cocoa varieties of very high vigour have recently been bred in West Africa, and 
decisions on which of them to issue to farmers must be made without protracted 
testing. Growth records in conjunction with early yields are therefore being used for 
selection. 

Correlations exist between the rate of growth before bearing and the total yield up 
to five years old, which for some varieties is as much as a ton of dry cocoa to the acre. 
These arise at least partly from the faster growing varieties reaching bearing size 
earlier, so do not prove a relationship between growth rate and long-term yield. 

After commencement of bearing vegetative growth slows, and there is a high corre- 
lation between the reduction in growth rate and the total yield. This suggests that an 
equation GROWTH RATE BEFORE BEARING — GROWTH RATE WHILE BEARING +} YIELD 
may be used. A high yielding variety will thus be one of vigorous early growth which is 
later relatively greatly reduced. No advantage to larger trees is expected in West Africa 
as a close spacing is always used. 

Certain varieties have been consistently among the most vigorous in a series of young 
trials planted in different parts of Ghana, so it seems likely that the best varieties will 
prove suitable over a wide range of conditions. 


INTRODUCTION 


A full assessment of the relative values of cocoa varieties would take many years, but 
several which are now available in West Africa are so clearly an improvement on the 
standard ““Amelonado” variety that early decisions on which to issue are needed. The 
first trials of these varieties were planted at the West African Cocoa Research Insti- 
tute, at Tafo in Ghana, in 1952 and 1954, and from 1956 to 1958 further trials were 
planted under a wide range of climatic and soil conditions in the cocoa-growing areas 
of Ghana and Nigeria. The Tafo trials are in heavy bearing, but from the others only 
growth data are available as yet. The purpose of this paper is to examine the possibility 
of assessing the relative values of varieties from such early data. 


1. THE 1954 TAFO TRIAL 


The 1954 Tafo trial, being better replicated than the 1952 trial, is more suitable for 
study. It contains ten varieties, eight of which are hybrid progenies from crosses be- 
tween Amazon varieties and either Amelonado or Trinitario varieties, the ninth the 
progeny from a cross between two Amazon varieties, and the tenth a Trinitario variety 
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(self-pollinated) known from previous trials to be slightly better than the standard 
West African Amelonado. The trial consists of five randomised blocks, each contain- 
ing a 36-tree plot of each of the ten varieties. 

The seedlings were not all of the same size at planting, for the pods matured from 
October 1953 to February 1954. (Cocoa seed must be sown immediately on removal 
from the ripe pod.) Total yields from this trial up to March 1959 range from 700 lbs 
dry cocoa per acre for the poorest variety (the Trinitario) to 2,500 Ibs per acre for the 
best. This best variety gave 1,500 Ibs per acre in the 1958-59 season, which greatly 
exceeds the average expectation of about 600 Ib per acre from reasonably well farmed 
and fully mature Amelonado. The trial is growing under peasant farm conditions, 
shaded by forest trees, and has not received any fertilizer dressing. (The yields quoted 
have been compensated for losses caused by pod diseases and rodent damage). 

In table 1 the relationship of size and rate of growth to yield are shown. 


TABLE 1. THe 1954 TAFO TRIAL. CORRELATIONS BETWEEN THE TOTAL YIELDS OF THE VARIETIES TO 
MARCH 1959 AND VARIOUS GROWTH FACTORS. 


a) ThessterandiameterinaNovemberl 05 4 r = .60G) 
b) The rate of increase in diameter from sowing to November 1954 . ..... r — 70+) 
c) The increase in diameter from November 1954 to January 1956 .. ..... r — .83++() 
d) *FThe:diameter in July-1959 TAA EE OENE EAI EEN LENEN EN BEN Le 635 
e) The reduction in the rate of increase in diameter while in bearing (July 1957 to 

La Saai 


July 1959) relative to that before bearing (November 1954 to January 1956) . . 
Degrees of significance shown thus: 5% level + 

1% level FF 

nl nlevelken 
All on 9 degrees of freedom. 


_ The yield of the varieties is correlated with the size attained by November 1954 (a), 
with the rate of growth from sowing to that date (b), and with the increase in stem dia- 
meter from November 1954 to January 1956 (c). There is a relationship between the 
stem diameter attained by July 1959 and yield (d) but this is little closer than the 
relationship of yield to the November 1954 diameters (a). 

The reason for the correlation between the July 1959 diameters and yield being 
relatively weak is found in the changes in rate of growth that have taken place since the 
commencement of bearing. This can be seen in figure 1. All varieties are now growing 
less rapidly than previously, but some have slowed more markedly than others (e.g. 
variety E). Those which have slowed most have given the greatest yields of cocoa, the 
reduction in rate of growth being closely correlated with yield (e in table I). 


DISCUSSION 


The relationship between the rate of growth of a variety before bearing commences 
and its total yield over the early years demonstrated by correlations ‘a’ to ‘c’ in table 1 
are of great interest to the breeder. A high early yield is a valuable feature in a variety, 
and it is clear that it can be forecast in advance. However these correlations do not 
prove the existence of a close relationship between vigour of growth and long-term 
yielding capacity, for they could have arisen largely from the faster growing varieties 
attaining bearing size earlier than the others. Cocoa commences bearing on attaining a 
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A Hybrid variety E. Vigorous early growth later 
much reduced. The greatest yield. 
Yv Hybrid variety L. Equally vigorous early growth 8 


TORE ms: continuing: little reduced. Lower yield. 
$ den 


BEARING COMMENCING AT Â 


RCS: B 
en Amazon variety F. Less 
mi 


se 6 Cms. DIAMETER 


vigorous. Lower yield. 


X 5 
4 Trinitario variety. Much 
Sk less vigorous. Much 
ZS lower yield. 
O 
1954 \__ 1955 1956 1D 1958 1959 


Diameter differences in 1954 partly reflect age differences. 


Fi. 1. Tae 1954 TAFO TRIAL. STEM DIAMETERS, CMS 


stem diameter of about 6 cms (fig. 2) and the subsequent build-up of yield is rapid. The 
true nature of the relationship between rate of growth and yield is probably shown by 
correlation ‘e’ (table I) between the reduction in rate of growth and the total yield. It 
appears from this that an equation 


GROWTH RATE BEFORE BEARING — GROWTH RATE WHILE BEARING —+ YIELD 


will serve, at least as an approximation. It follows that a variety with a low growth rate 
in the early stages lacks the potentiality of becoming a good yielder, while a variety 
with a high early growth rate may be a good yielder or otherwise depending on how its 
energies are subsequently divided between further growth and yield. 

The question whether the varieties at present continuing vigorous vegetative growth 
will later slow in growth and increase their yields must remain unanswered for the 
present, but it may safely be said that under West African conditions they will gain no 
advantage from becoming larger trees. Cocoa is grown at a close spacing so as to form 
a complete canopy admitting little light to the ground, and the roots of the trees inter- 
mesh. Increase in size beyond this stage, which has already been reached in this trial, 
means mainly an increase in height without either more light or more nutrients be- 
coming available to the trees. 

The best varieties therefore appear to be those with high early growth rates, resulting 
in early commencement of bearing, which then slow markedly ín growth to produce 


heavy yields. 


2. YOUNGER TRIALS 
The growth rates of the varieties in the 1956 and 1957 Ghana trials have been stu- 
died, using the increase in stem diameter over a roughly 2-year or l-year period 
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FIG. 2. THE 1954 TAFO TRIAL COMMENCEMENT OF BEARING AND STEM DIAMETER 


TABLE 2. THE 1956 AND 1957 GHANA TRIALS AND THE 1954 TAFO TRIAL: INCREASE IN STEM DIAMETER 
PER YEAR (CENTIMETERS) 


Trials 

Varieties | Fumso | Buaku |Pankese |Apedwa Ht Oyoko | Akaa |Asikuma| Foso 
A 2.68 — 2.16 — — — 1.45 1.44 1.29 
B — 2.50 2.19 — — — 1.49 1.39 1.45 
C 253 2.14 2222 1.99 — 1.70 1.67 — 1.49 
D 2.02 2.07 1.98 1.93 — 1.58 En 1.26 1.06 
E 22 2.39 22 — 1.92 172 1.42 1.39 1.31 
F 2.49 2.03 2e 1.96 1.60 1.61 1.65 1.39 1.11 
G 1.88 1.84 1.99 — — 1.42 — — 1.16 
H 2.34 28517 2.24 2.08 1.96 1.65 1.53 1.58 1.20 
ij — — — 2.07 1.80 1:55 — 1:33 — 
K HED) 2.38 — 2.10 LSEf: 1.76 1.69 — — 
Ie — — — 215 1.86 — — 1.64 — 
M — — 2.05 1.74 — — — > 
N — — — — 207, — — — — 


The varieties H and J are reciprocal crosses; so also are K and L. F and G are Amazon varieties, 
the others being hybrids Amazon X other. The Trinitario and one other variety in the Tafo trial are 
not included in the table. 


respectively (table 2). There are major differences from trial to trial in the over-all 
growth rate, but the same varieties tend to be among the best at all sites. There are a 


354 


RELATIONSHIP BETWEEN GROWTH AND YIELD IN COCOA VARIETIES 


few indications of locality preferences, but none appear to be statistically significant. 
It seems likely from this information that the best varieties will prove suitable over a 
wide range of conditions. 
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SAMENVATTING 


De betrekking tussen groei en opbrengst bij cacaorassen 


De laatste jaren zijn in West-Afrika cacaorassen met sterke groeikracht gekweekt. 
Een beslissing over de uitgifte aan telers moet worden genomen zonder de nieuwe ras- 
sen eerst een langdurige beproeving te doen ondergaan. Gegevens over de groei in ver- 
band met een vroege produktie worden daarom benut voor het uitvoeren van de 
selectie. f 

Er bestaat een correlatie tussen de groeisnelheid vóór de dracht en de totale pro- 
duktie tot op een leeftijd van 5 jaar welke bij sommige rassen een ton droge cacao per 
acre bedraagt. Dit verband is althans ten dele toe te schrijven aan het feit dat de sneller 
groeiende rassen eerder beginnen te dragen en derhalve geen verband tussen groeisnel- 
heid en produktie op lange termijn demonstreren. 

Na het begin van de dracht vertraagt de vegetatieve groei en er is een sterke correla- 
tie tussen de vermindering in groeisnelheid en de totale produktie. Dit kon leiden tot 
de vergelijking: groeisnelheid vóór de dracht — groeisnelheid tijdens de dracht + op- 
brengst. Een zeer produktief ras zal dus opvallen door krachtige en snelle groei welke 
later betrekkelijk snel afneemt. 

In West-Afrika is geen voordeel te verwachten van grotere bomen daar ze altijd nauw 
geplant worden. 

Bepaalde rassen hebben steeds tot de sterkste behoord in een serie jonge proeven die 
in verschillende delen van Ghana zijn aangelegd. Het is waarschijnlijk dat de beste 
rassen geschikt zullen zijn voor zeer uiteenlopende omstandigheden. 
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BANGA, O., 13e Beschrijvende Rassenlijst voor Groentegewassen 1961 (13th 
Descriptive List of Vegetable Varieties. Wageningen, 1961, 160 pp, f 2, —. 


The 13th Descriptive List of Vegetable Varieties (1961) which appeared as early 
as October 1960 has been compiled by the Institute of Horticultural Plant Breeding, 
Wageningen. 

The vegetables including early potatoes, strawberries and tobacco are arranged in 
alphabetical order. 

Since 1936 the Institute has acquired experience with variety trials but from 1948 
onwards a system of trials has been developed under which the varieties and selections 
are evaluated by juries of professionals and scientific experts. With most crops they 
are carried out every six years. This system is supplemented by field-physiological 
and laboratory-physiological research and statistical analysis of the trial results. 

The list is a reliable guide for vegetable growers and seed merchants, for farmers and 
horticultural students. 

This booklet of an attractive pocket-size is well-illustrated with many drawings 
and photographs. 


Chemische Mutagenese. ERWIN-BAUR — Gedächtnisvorlesungen 1.1959. Abhand- 
lungen der Deutschen Adademie der Wissenschaften zu Berlin. Klasse für Medizin 
1960 nr 1, 136 pp. Akademie — Verlag — Berlin W.l. Price DM 18.50. 


From the preface by H. STUBBE it is clear that it has been decided to honour the 
memory of ERWIN BAUR by organizing a symposium every 2-3 years and by awarding 
an ERWIN BAUR-medal every 2 years. 

The first symposium was held from 26-28 July, 1959, and was devoted to chemical 
mutagenesis. The report comprises general lectures on chemical mutagenesis in ani- 
mals (C. AUERBACH), higher plants (Á. GUSTAFSSON) and micro-organisms (W. Wes- 
TERGAARD). In 12 lectures specific subjects in the field of chemical mutagenesis were 
treated. 

Finally the report gives a discussion of mutagenic specificity (C. AUERBACH and 
W. WESTERGAARD) and a treatise of biochemical and chemical points of view on the 
mechanisms of action in chemical mutagenesis (L. EHRENBERG). 

From the angle of plant breeding it is inspiring that these symposia are held and 
that the reports are published. Thus it will be possible to gain an insight in the pros- 
pects of certain mutagens for use in plant breeding. 


Über Fragen zur Züchtung nematoden-widerstandsfähiger Kartoffeln. Tagungs- 
berichte Deutsche Akademie der Landwirtschaftswissenschaften zu Berlin 20 (1959), 


188 pp. 
This is a report of the symposium which was held in the Institute of Plant Breeding 


Grosz-Lüsewitz (near Rostock), Germany from 14th — 16th July 1958. 
The publication comprises 21 lectures of specialists from various countries. In rea- 
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ding the report the conclusion can be drawn that this symposium has thrown much 
light on the problems involved in breeding potatoes resistant to Heterodera. 


HANELT, P., Die Lupinen. Die Neue Brehm-Bücherei 265 (1960): 104 pp, 37 figs, 
‚4.50 DM. 


In this booklet, among others the history and breeding of Lupinus albus, Lupinus 
luteus and Lupinus angustifolius are treated. In addition some less important lupine 
species are discussed. 

In the last 30 years progress has been made in the field of lupine breeding. This crop 
is very suitable to give laymen an impression of the prospects offered by plant bree- 
ding. The book is richly illustrated. 


Hir, J. BEN; OVERHOLTS, LEE O. (deceased); PorP, HENRI, W. and GROVE JR, 
ALVIN R., Botany. A textbook for Colleges. McGraw-Hill Book Company, Inc., 
New York, Toronto, London. 1960, 571 pp, 69/6 sh. 


The 3rd impression looks very attractive. In the 10 years that have elapsed since 
the former impression botany has made fast progress. Many chapters have been enti- 
rely rewritten and all other chapters have been substantially changed. 

Although written for the beginning students the contents of this textbook is so rich 
that also many plant breeders will like to consult it. The illustrations are well made-up. 


MACINDOE, S. L. and C. WALKDEN BROWN, Wheat breeding and varieties in 
Australia. New South Wales Department of Agriculture, Science Bulletin 76 (1958), 
223 pp. 


Surveys are given of the early history of wheat varieties in Australia, recent bree- 
ding for stem rust resistance, breeding for better baking quality and the breeding of 
durum wheats. 

The greater part of the bulletin (p. 39-198) is devoted to descriptions of wheat va- 
rieties bred or introduced in Australia. 

In appendices varietal ranges are added by means of tables and graphs. 

The bulletin in a rich source of data concerning Australian wheat breeding. 


Progressive Wheat Production. Centre d'Etude de l' Azote. Geneva. 4, 1960, 338 pp. 


This fourth volume deals with many aspects of wheat growing. Part 1 covers general 
problems: 
F. C. ScHLÖMER, The social and economic importance of wheat (p. 1-27). 
F. WIENHUES, Botany and breeding of wheat (p. 29-65). 
L. M. Korerz, Die Kultur des Weizens (p. 67-87). 
Y. Coïc, Les bases physiologiques de la nutrition et de la fertilisation rationelle 

du blé (p. 95-116). 

Part 2 is concerned with the special features of wheat cultivation in each of the 

main wheat-growing countries. Of each of the 51 countries mentioned a survey is given 
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of the area, production and varieties. Attention is also drawn to the fertilizers which 
in each of the countries are customary and desirable. 

The publication is richly illustrated with photos of wheat growing in the respective 
countries. 


Report Scottish Plant Breeding Station, Pentlandfield, Roslin, Midlothian. 1960, 
105 pp. 


In the Director’s report of the Scottish Plant Breeding Station a survey is given of 
the current research on Brassica crops, herbage plants and genecology, oats, potatoes 
and sugar beet. 

In addition the report contains occasional papers which can be compared with ar- 
ticles published in journals so that they can be considered important sources of infor- 
mation. When some time in future the list of periodicals in the field of plant breeding 
(Euphytica 5, 1956: 353-356) will be revised, the Annual Reports of the Scottish Plant 
Breeding Station should be added. 

The report of 1960 gives the following occasional papers: 

W. BLACK, Races of Phytophthora infestans and resistance problems in potatoes. 

J. CLAUSEN, A simple method for the sampling of natural populations. 

V. MeM. Davey, Notes on the botanical characters of some rape types. 

J. M. DUNNEeTT, The role of Solanum vernei Brrr. et WirtM. in breeding for resistance 
to potato root eelworm (Heterodera rostochiensis WOLL.). 

F.J. W. ENGLAND, Leaf length variation in Betula pubescens EHRH. 

J. S. L. GirLMouR, The deme terminology. 

1.H.MecNAUGHTON, Internal breeding barriers in Papaver. 

J. F. MALCOLMSON, A disease of potatoes and tomatoes caused by Bacillus sub- 
tilis. 

D. A. WirkKins, The measurement and genetical analysis of lead tolerance in Festuca 
ovina. 


ALLARD, R. W., Principles of plant breeding. John Wiley & Sons. New York, 
London. 1960, 485 pp. $ 9—. 


This book has been written primarily for undergraduate students of agriculture. 
Emphasis is placed on the principles of plant breeding. 

Various chapters provide elementary coverage of the subject matter included in 
practically every course in plant breeding. 

The detailed breakdown of topics is intended as an aid to instructors. The sub- 
divisions have been indicated conspicuous and are more or less independent units. 
Plant breeders all over the world will readily consult this textbook to find their 
bearings and to test the contents to their own research work. 

The examples are mainly derived from genetic literature. It is striking how little 
use is made of references from specific periodicals on plant breeding outside America. 
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SJ. BEKIUS, FARM MANAGER OF THE INSTITUTE OF AGRICULTURAL PLANT BREEDING, WAGENINGEN, 
RETIRED 


On 16th September 1960 Sj. BeK1us, Farm manager of the Institute of Agricultural Plant Breeding, 
Wageningen, retired from office. The farewell-reception which was held in an attractively decorated 
barn was well-attended. 

The manager gave a survey of his tenure of office at the Institute (1924-1960) while the Rector Magni- 
ficus of the Agricultural University (Pror. IR. W. F. EissvoogeL), the Director of the Institute 
(ProF. DR. J. C. DorsT) and many others voiced their thanks. 

MR. Bekius is still hasty and vital so that he is expected to continue his membership on various 
boards and to develop other activities as well. 

MRs. BEKIUS was also included in the commemoration. 


Fig. 1. LEFT: SJ. BEKIUS, RIGHT: MRS. BEKIUS. 


Mr. Jon. Dros succeeded him as farm manager, while TH. MEINDERSMA was appointed to assist in the 
selection work needed for the instruction to students. 


INTERNATIONAL SYMPOSIUM ON THE PRODUCTION AND CERTIFICATION OF SEED POTATOES, 12 JUNE- 
1 Jury 1961 AT WAGENINGEN, THE NETHERLANDS. 


As a contribution to the FAO World Seed Campaign an international symposium on the production 
and certification of seed potatoes will be held at Wageningen from 12 June — 1 July 1961. 

The symposium is designed to provide full information on various aspects of potato production. 
It will last 3 weeks. In the first half week a broad outline of the work will be given; then a one week 
week excursion will be made in order to demonstrate the practical implementation of the system, while 
during the last week outstanding experts will lecture on various subjects which will be discussed in 
small discussion groups. 

The provisional programme includes the following subjects: 
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Breeding for yield and quality and for resistance against the most important pests and diseases; 
Design and analysis of field experiments; 

Evaluation of new varieties and lists of varieties; 

‚ Cultivation methods and techniques; 

Disease and pest control; 

Mechanization; 

„ Inspection and certification; 

„ Handling and storage. 


RAAS 


All lectures, statements and discussions will be translated into English, French and Spanish through 
simultaneous interpretation. 

All introductory papers will be forwarded in advance to each participant in one of the three langua- 
ges mentioned above. A report of the Symposium, including summaries of the discussions, will be 
published after the closure of the Symposium and issued free of charge to each participant. 


Address for information and application: International Agricultural Centre. Generaal Foulkesweg 1, 
Wageningen — The Netherlands. 
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Netherlands Journal 
of Agricultural Science 


Quarterly Journal edited by: 
KONINKLIJK GENOOTSCHAP VOOR LANDBOUWWETENSCHAP 


(Royal Netherlands Society for Agricultural Science) 


Some papers published in Volume VI (1958) and VII (1959) or forthcoming 
in Volume VIII (1960): 


Phytophthora palmivora of cocoa and its control 


Observations of the flowering and fructification of the groundnut, 
Arachis hypogaea 


Farm systems in South-East Asia 


Influence of phosphate on the botanical composition and on the grade 
of quality of herbage 


The trace elements boron and manganese; the state of research in the 
Netherlands 


Tobacco growing and rural welfare 
Nematodes in relation to plant growth 
Thermodynamics of soil moisture 
Blisterblight in tea 


* 


Annual subscription price: 16 Dutch guilders (£ 1.10 or $ 4.25). 
The journal is issued four times a year in annual volumes of about 


300 pages. 
* 


All inquiries regarding the journal and requests for specimen copies should 
be addressed to: 


IR. A. EVERS, POSTBOX 33, WAGENINGEN, HOLLAND 


The Indian Journal 
of Genetics 
and Plant Breeding 


Official publication of The Indian Society of Genetics and Plant Breeding 


Founded in 1941. Contains articles on subjects of interest to the Plant 
breeders on genetics, cytology, plant breeding methods, biometrical studies, 
crop improvement work in India, reviews of present state of knowledge in 
important fields, etc. 


Vol. 20 (1960) contains among others original articles on: 


The origin of rice, pachytene analysis in rice, genetics of rust resistance in 
wheat, chromosome pairing in Solanum, cytology and origin of coconut, 
inheritance of quantitative characters in linseed, morphological and cyto- 
logical effects of P32 and S35 in plants, etc. 


Published three times a year in volumes of about 250 pages. There was only 
one issue in 1941 and two issues per annum till 1959. Vol. 20 appears in 1960. 
The subscription rate in Rs. 20/- per year (inclusive of postage). Backnum- 
bers of some of the volumes are still available. 


Address all communications on editorial matters to Dr. B. P. PAL, Director, 
LA.R.I, New Delhi-12, India, and on business matters to the Secretary/ 
Treasurer, Division of Botany, LA.R.L, New Delhi-12, India. 


GENETICA AGRARIA 


A Journal of Genetics applied to Agriculture edited by „Centro di Gene- 
tica del Consiglio Nazionale delle Ricerche” and „Società Italiana di 


Genetica Agraria”, Pavia, Italy. 


* 


The Journal is issued four times a year. Price per volume.of about 400 pages 
till. Vol. 9°, L. 4000 or $ 7.00; since Vol. 10, L. 5000 or $8.5. 


* 


Besides other original papers, proceedings of Symposia are published in: 


Vol. 4°, 1954: on “Hybrid corn in Italy”. 
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